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SITUATIONS OPEN 













OPIES oF TESTIMONIALS, Not ORIGINALS, 
UNLESS SPECIFICALLY REQUESTED. 





0 ADVERTISERS UNDER BOX NUMBERS 
IN SITUATIONS OPEN SECTION. 


For the ‘yy~ of applicants, the Proprietors 
prepared to insert brief notices that vacancies 
filled, upon receipt of notifications from the 
havertisers. —_ notices (limited to one line) 

be ¢ » and co-operation is 
sked ® 





IMPORTANT 

hdvertisers in Situations Open Column 

nould make themselves acquainted with 

he terms of 

STATUTORY RULES & ORDERS 
1940 No. 877 

ESTRICTION ON ENGAGEMENT ORDER 





JANTED, WORKS MANAGER. ent 
i experienced MAN REQUIRED as WORKS 
NAGER for night duty ; must be used Con- 
ol of Large Works with variety of labour, 
nceluding substantial number of women Lg 
sving a large turnover.—Apply, with full 
urs of past experience, to SECRETA Y, 
airtairn Lawson Combe Barbour, Ltd., me! " 
A 


TANTED, WORKS MANAGER for _ Struc- 
tural Steelwork, Welded Platework, and 
neral Engineering Works in payee having 
nover of £100,000 p.a. We uire a man 
eae of Controlling all Labour, " Output and 
ts, Reorganising and Maintaining the works 
reiatly. The firm is scheduled Essential 
orks Order, and is very progressive. When 
riting, state age, experience, salary; send 
y testimonials.—Address, P3639, The Engi- 
Office. P3639 A 





















SSISTANT EDITOR REQUIRED for Engi- 
AH neering Export Journal. Applicants must 
over military age or medically exempt.— 
rite, giving full particulars of previous expe- 
nce, to MACHINERY LLOYD, 152, Upper 
w Walk, Leicester. 712A 

















OLNE VALLEY WATER gs enh 
APPLICATIONS are INVITED from Cor- 
rate Members of the a. of Mechanical 
d Electrical Engineers, or from those with 
aed ytd for the APPOINT- 
ASSISTA MECHANICAL and 
NCTRICAL ENGINEER. Candidates _must 
ve had extensive experience of Pumping Plant 
d of E.H.T. Generation and Transmission.— 
h petionion 5 and form of eee ol may 
obtained from E. CASPALL GREEN, Chief 
bgineer, Colne Valley Water Company, *alden- 

m Road, Watford. 7895 A 





INGINEER.—-Large Firm in the London Area 
WISH to APPOINT an ENGINEER to Super- 
eall Maintenance Departments. Applicant must 
e wide knowledge of all classes of Mainten- 
re, also Experience in the Handling of all 
ses of Skilled Labour.—Applicant should 
ply in the first instance, giving full particulars 
training and positions held.—Address, 7898, 
Engineer Office. 7898 A 









NGINEER, REQUIRED by Well-known Indus- 
trial Consultants engaged on work of 

importance for permanent staff. First- 

8 general and technical education, executive 

perience and knowledge of modern Manufac- 
ing Methods a a cement. Age 30-40. 
rising to £1800 p.a. Full details 

usog positions held and dalaries earned, in 
idence.—Address, 7888, The > ice. 

A 










ABOUR OFFICER REQUIRED by Northern 
| Engineering Works, with over 3000 
ployes engaged on work of national import- 
(preferably engineers) who have had 
experience of Labour nt as 
Died to Engineering Works should apply in 
ing, stating age, positions held, and salary 
d.—Address, 7899, The Engineer O 













99 A 


NNING ENGINEERS or EXPORT TOOL 
DES REQUIRED for large East 
don Engineering Firm. Must have s 
of Precision Press Work, an Design- 
and the Production of Parts to Close Limits. 
y £400-£600 per annum, according to qualifi- 
ons and experience.—Apply in writing. 
ing if registered at any of the Ministry 
to the LONDON 


450our and National Service, to 
PLEMENTARY REGISTER, 4, Gt. Marl- 
1023 Street, London, W.1, quoting, ow 








FOREMEN (TWO) REQUIRED to 
titt Charge of Day and Night Shifts in 
tition Machine Shop, producing Aircraft 
’; Berks. Approx. 100 employees. Must be 
ata peration an intenance of 
i Autos, Mills, Lathes, &c. Give full 

and qualifications, experience, and salary 

-—Address, 7896, The Engineer Pm 

78 A 


7 
' 
t 
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PRINCIPAL CONTENTS OF THIS ISSUE 
ARRANGED FOR CARD INDEXING 
(TaBLE OF CoNnTENTS, PaGE 314) 
Historic Accidents and Disasters 


IX (. 306) 
THE ENGINEER, 7 


The Locomotive in Mechanical Engineering 


IT @. 309) 
THE ENGINEER, 7 - 1! - 41 


Underground Railways at Chicago, U.S.A. 
No. III @. 317 


THE ENGINEER, 7 - 11 


The Education of Engineers ce. 319) 
THE ENGINEER, 7- 11 


The Russian Air Force «. 314) 
THE ENGINEER, 7 - 11 


Paper for Armaments (?. 315) 
THE ENGINEER, 7-11 - 41 


Flameproof Enclosure of Electrical 


Apparatus (?. 312) 
THE ENGINEER, 











SITUATIONS WANTED 





A COMPANY CONSULTANT of 30 Years’ 
experience, with letters of appreciation from 
Bench and Bar on publication of his Encyclo- 
ia on Company Law, reviewed in ‘* The 
Times” Engi and Law Press, WISHES 
to GET INTO COMMUNICATION with a 
NEERING FIRM.—Write, H. ASHTON, 20, 
Kensington Gardens Square, we. P3637 B 





REALLY KEEN ENGINEER, B.Sc., First- 
class honours, A.M.I. Mech. E. (35), six 
years shops, three years research and production, 
eight years in charge design, estimating, con- 
struction and maintenance in important com- 
panies, successful: works engineer, SEEKS 
responsible POSITION where initiative, energy 
and organising ability can be fully utilised. Now 
free.—Addrcess, P3642, The Engineer suet 
B 


DMINISTRATIVE ENGINEER, with Wide 
experience in general “— and power 
station plant, SEEKS new POSITION. Avail- 
able for immediate service. Would prefer to deal 
direct with principals only.—Address, P3643, 
The Engineer Office. P3643 B 








UYER, Printing Stationery and Advertising, 

age 43, twenty years’ practical experience, 

creative ability, lay-outs, SEEKS FIRM of 

REPUTE.—Address, P3644, The —— 
B 





_o— (47) DESIRES CHANGE as Works 
‘ee or _ Practical shop expe- 
rience, estimating, planning, designing, works 
engineer and superintendent. Experience in 
ironfoundry, machine, fitting, sheet metal, weld- 
ing, vitreous enamelling. Salary £650 or up- 
wards, according to _ responsibility. on  - p 
P3630, The Engineer Office. P3630 





gg me ge with 30 Years’ General Mech- 
anical and some marine experience, DE- 
SIRES RESPONSIBLE POSITION. Engaged 
for several years on design and lay-out of 
machinery and plant for various purposes. Expe- 
rience as erector and supervisor. First-class 
mechanic on large or instrument type work. 
Would accept position as engineer on develop- 
ment of ideas or as assistant manager. Can 
commence in three weeks.—Address, P3648, The 
Engineer Office. P3648 B 





NGINEER, At Present Disengaged, WANTS 
CHARGE ; 30 years’ experience, hydraulic, 
steam, compressed airplant maintenance, press 
and toolroom, general machine shop.—O., 70, 
Gauden Road, 8.W.4, London. P3649 B 














SEE PAGE !7 








INDEX TO ADVERTISEMENTS, PAGE 63 











THE FACT that goods made of raw 
materials in short supply owing to 
war conditions are advertised in this 


paper should not be taken as an 


indication that they are necessarily 


available for export. 











SITUATIONS OPEN 


SITUATIONS OPEN 





now WANTED, with Somne oan « 
eers” 

Essentia Las, ms 1 Ltd., 

Road, E.1 








MANAGER REQUIRED by 

old-established firm, with good post-war pros- 
pects, in West Riding town, with 600 employees 
on light engineering repetition work and special 
products. Age 35/40. Ability to control labour 


Write, giving full d 
training and positions held, 
stating salary required. All applications treated 
in strict confidence.—Address, i 
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MANAGER, Preferably Experience 
Wire Drawing and Annealing, b' 

esse Reply under headings (1) age, 

o qualifications, (3) ay (4) married or 

single, (5) salary, (6) when free.—Write No. 

Keith and Co., Advertising Agents, Edinburgh. 
A 








XPERIENCED ENGINEER, AMI. , E., 
M.I.M.E., DESIRES APPOINTMENT dura- 
tion of war. Recent experience, railway engi- 
aes ne mtn a factories.—Address, 
P3592, The Engineer O P3592 B 


YENERAL MANAGER (47), Practical, Tech™ 
nical, and commercial exp., boilers, pres” 
sure vessels, tanks, bunkers, pipes, elect. welding- 
—- and gen. engineering. Salary £1000.— 
dress, P3640, The Engineer Office. P3640 8B 








the Man You Are Seeking is Not Amongst 

those Advertising in this Column, a Small 
Announcement in the ‘“‘ Situations Open” 
Column will Quickly and Economically Produce 
the Right Selection Vet Applicants, at the same 
time Eliminating Waste of Effort, Waste ~ 
Time, and Waste of Caer. The charge 
Four Lines or under, 4s.; each Additional pty 
s.; Box Numbers, 6d. extra, which includes 
despatch of all replies. 





For continuation of Small Advertise- 
ments see page 2 





SITUATIONS WANTED (continued) 
Page 2 


AUCTIONS, Page 64 


BUSINESSES and PREMISES 
For Sale, &c., Page 64 


FOR SALE, Page 64 
MISCELLANEOUS, Page 64 
AGENCIES, Page 2 
PATENTS, Page 2 
MACHINERY, &c., WANTED, Page 2 


For Advertisement Rates see 
First Column Overleaf 
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Che Engineer 
Annual Subscription Rates 


(including postal charges) 


Le prix de l’abonnement est accepté en 
livres sterling, ou dans la monnaie du pays 
d’origine au cours du change au moment 
de la commande. 


Die Bezugsgebithren sind zahlbar in 
Pfund-sterling oder in der Landeswa&hrung 
des Bestellers, umgerechnet zum Kurse 
des Tages an dem die Bazahlung erfolgt. 

Serén aceptados los abonos en moneda 
esterlina o su equivalente calculado en la 
moneda del pais de origen al cambio 
efectivo a la fecha de ponérse el pedido. 


BRITISH ISLES .. £3 5 0 


CANADA £218 6 Thin Paper Ed. 
«. «- £3 3 O Thin Paper Ed. 
(except Canada) 
AFRICA ... Central News Agency. All Branches. 


CaPE TOWN: Wm. Dawson and 
Sons, Ltd., 29-31, Long Street 
(Box 489) | 


ARGENTINE BUENOS AIRES: Mitchell’s Book 
Store, 576, Cangallo 
BUENOS AIRES: F. W. Mole, 
Cangallo, 456 
AUSTRALIA ... Gordon and Gotch (A’sia), Ltd., 
All Branches 
MELBOURNE: Jervis Manton, 37, 
Swanston Street 
MELBOURNE : Trade Press Proprie- 
tary, Ltd., 19, Queen Street 
CANADA ... American News Company, Ltd. All 
Branches 
MONTREAL: Benjamin News Com- 
pany, 973, St. Antoine Street 
TORONTO: Wm. Dawson Subscrip- 
tion Service, Ltd., 70, King Street 
East 
TORONTO: Gordon and Gotch, 
Ltd., 253, Queen Street West 
CEYLON ... COLOMBO: Wijayartna and Co. 
CHINA HonG KonG: Kelly and Walsh, 
td. 
SHANGHAI: Kelly and Walsh, Ltd. 
EGYPT CaTRO : Express Book and 
Stationery Store, 9, Chareh 
Maghrabi 
INDIA BOMBAY: Thacker and Co., Ltd. 
BomBaY: Popular Book Depot, 
Grant Road 
Calcutta: Thacker, Spink and Co. 
JAPAN Maruzen Co. All Branches 
NEW ZEALAND AUCKLAND : Whitcombe and 
Tombs, Ltd. 
H. F. R. Lessingham, 55a, Short- 
land Street 


Gordon and Gotch (A’sia), Ltd., 
Wellington, Auckland, and Christ- 
church 

NaPIER : J. Wilson Craig and Co. 

SETTLEMENTS—SINGAPORE: Kelly and 
Walsh, Ltd. 

STOCKHOLM: A/B Wennergrens 
Journal-expedition, Stockholm, 1 

STOCKHOLM: A/B C. E. Fritzes 
Kungl., Hofbokhandel [Freds- 
gatan, 2 

ZURICH : 
Ankerstr. 

UNITED STATES NEW YORK: 
OF AMERICA 


STRAITS 


SWEDEN... 


SWITZERLAND Rosa _ Leibowicz, 4, 
International News 
Varick Street, New 
, and all Branches 
Moore ” Cottrell Subscription 
Agency, North Cohocton 
Boston: F. W. Faxon and Co., 
63-69, Francis Street 
Entered as second-class matter at the Post 
Office, New York, N.Y., December 12th, 1896, 
under the Act of March 3rd, 1879 (Section 307, 
P.L. & R.) 
SR. coe LENINGRAD : Meshdunarodnaja 
Kniga, Prospect Volodarsky, 53A 
Moscow : Kuznetski Most 18 
©,° READING CASES, to hola two copies of THE 
ENGINEER, cloth sides and leather backs, can now be 
supplied at 4/9 each, 5/3 post free. 
©,* BINDING CASES for half-yearly volumes of THE 
ENGINEER, in cloth 5/- each, 5/3 post free. 


U 


wh 





PAPER SUPPLIES 


With a view to the conservation of paper, 
readers are advised, in the interests of all 
concerned, to place a regular order for 
THE ENGINEER with their newsagent or 
direct with the Publisher. 


‘* THE METALLURGIST ”’ 


This Supplement, which deals with the Science and, 
Practice of Metallurgy, both ferrous and non-ferrous, is 
published free with the last issue of THE ENGINEER 
each alternate month. Next due, October 31st. 


ADVERTISEMENTS 
The 


charges for 
line up to one inch—minimum charge 4/-; those 
Son cutee remap gh Govente ok Unies books Orders 
remittance. The rates for 


must be by a 

Displayed Advertisements will be forwarded on applice- 
tion. Classified be inserted 
unless delivered before TWO o’clock on Wednesday 
afternoon. 


ks are 1/- pet 


Letters relating to the Advertisement and the Publishing 
Department of the Paper are to be addressed to the 
Publisher, all other letters are to be addressed to the 
Editor of THE ENGINEER. 


Postal Address, 28, Essex Street, Strand, London, W.C.2. 
Teleg. ‘* Engineer Newspaper, 
London.” Tel, Central 6565 (10 lines). 








SITUATIONS WANTED 


PATENTS 





| Py & Best-known Manufacturers’ RE 

RESENTATIVE SEEKS REPRESENTA 
TION for London area upon basis of retaining 
fee, commission, expenses as arranged. Specially 
known amongst Government and public autho- 
rities.—Address, P3638, The Engineer ee 
B 





ESIDENT ENGINEER (82), Now Completing 
important Ministry of Supply contracts, 
and previously Air Ministry works, is NOW 
AVAILABLE to ACCEPT RESPONSIBLE 
POSITION on contract or other work of national 
importance. Well experienced both in con- 
structional work and installation of mechanical 
plant, combined with sound knowledge of 
business.—Address, P3636, The eee ee 
3636 B 





4 hag a AL ASSISTANT (25), Grad. I, 
j.. Grad. I.E.E., DESTRES pro- 
gressive POSITION in similar capacity or as 
Designer Draughtsman. Keen, with extensive 
works and D.O experience in mechanical and 
electrical engineering. Present salary £300.— 
Address, P3647, The Engineer Office. P3647 B 





IHE SERVICES of an A.M.I. Mech. E. Are 
now AVAILABLE, preferably as Inspector. 

He has 30 years’ wide experience in many parts 
of the world. Salary approx. £600. Would 
those who wish to get in touch please write.— 


T is DESIRED to SECURE the Full COM- 
MERCIAL DEVELOPMENT in the United 
Kingdom of BRITISH PATENT No. 486,975, 
which relates to ‘‘ Pipe Couplings,’’ either by 
way of the GRANT of LICENCES or otherwise 
on terms acceptable to the patentees.—Interested 
parties desiring copies of the a —_ 
and further particulars shoul to 
STEVENS, LANGNER, PARRY «ROL TNSON 
5 to 9, Quality Court, London, W.C.2. 7908 # 





T is DESIRED to SECURE the Full COM- 
MERCIAL DEVELOPMENT in the United 
Kingdom or BRITISH PATENTS Nos. 490,153 
and 490,184, which relate to ‘‘ Universal Joints,’’ 
either by way of the GRANT of LICENCES or 
otherwise on terms acceptable to the patentees.— 
Interested parties desiring copies of the patent 
specifications er further wn oom cg 
to eye . LANGNER, PA N 


SON, 5 to 9, Quality Court, Tao Wc; 2. 
7909 





HE PROPRIETORS of BRITISH PATENT 
No. 379,713, relating to “‘ Improvements in 
Automatic Fire-arms,’’ DESIRE to ENTER into 
NEGOTIATIONS with one or more firms in 
Great Britain for the SALE of the PATENT 
RIGHTS or for the GRANT of LICENCES to 
manufacture under royalty.—Enquiries to be 
addressed to D. YOUNG & CO., Chartered 
Patent Agents, 21, Bourne End Road, hee 








Address, P3645, The Engineer Office. P3645 B wood, Middlesex. 7H 
iJIHE PROPRIETOR of BRITISH PATENT 
MACHINERY, &c., WANTED No. 488,590, dated March 23rd, 1936, per- 
taining to ‘‘ Improvements in and relating to 





\ ANTED, WATER-TUBE BOILERS, Babcock 
or Stirling only, up to 50,000 Ib. evapora- 
200 Ib. working pressure or higher.— 


tion, 
7384 F 


Address, 7384, The Engineer Office. 





\ TANTED, STEAM-DRIVEN GENERATING 
SET, by Belliss or other standard maker, 
up to 50 kW, 400/440 volts, three-phase, 50 
cycles.—Address, 7906, The Engineer =, 
7906 F 


\ JANTED, TWO PARTING-OFF MACHINES 
for copper tube 2sin. dia. Particulars.— 
7904, The Engineer Office. 7904 F 





Address, 





LBERT aeeeae. Ltd., Coventry, PAY 
BEST RICES for SECOND-HAND 
MACHINE TOOLS in good condition by first- 
class makers. 
Write, wire or ‘phone, and our representative 


Bearings and Bearing Materials,’’ is DESIROUS 
of ENTERING INTO ARRANGEMENTS by 
way of a licence or otherwise on reasonable 
terms for the purpose of exploiting the above 
mony and ensuring its practical working in 
ireat Britain.—Inquiries to SINGER, EHLERT, 
STERN and CARLBERG, Steger Building, 
Chicago, Dlinois. 7884 H 





AGENCIES 





NPECIALITY AGENCY REQUIRED by Fac- 
tory trained representative calling aircraft, 
general ears manufacturers, contractors in 


West, South Midlands, Wales. acess 
technical consultations.—Address, P3646, The 
Engineer Office. P66 D 





For continuation of Small Advertise- 


will call 
: hone 88781 (12 lines), Coventry ;_ Tele- 
grams : “‘ Lathe, Coventry. 1002 F ments see page 64 





PLEASE OFFER US 


YOUR SURPLUS MACHINES 


As Licensed Dealers in MACHINE TOOLS we 
have numerous inquiries on our books for all 
andl of ae for work of vital national 

———- ce. Our resentatives will ius ry 
and make &pot cash o! we for MACHINE TO 
and SHEET METAL WORKING MACHINERY 
of every description. 


F. J. EDWARDS LTD., 


359, EUSTON ROAD, LONDON, N.W.1 


Telephone No.: EUSton 468! 
Telegrams: “* Bescotools, Norwest, London.” 





REQUIRED URGENTLY, 10ft. by 10ft. WET 
BACK MARINE BOILER for 150 Ib. 
SECOND-HAND.-—Write, 


pressure, NEW or 

giving fullest particulars, to THE ADVER- 

TISER, 295, Oldfield Road, Salford, Lancs. 
7903 F 





JITHOUT PERMISSION of the Ministry of 
Supply you can OFFER and SELL your 





SURPLUS. MACHINES to NORMAN POTTS, 
105, Alcester Road South, Birmingham, Woe 
7870 F 





For Optimum Hardness 
and Strength 


NITRIDED 


NITRALLOY 


STEEL 


Particulars from— 


NITRALLOY LIMITED 


25, Tapronville Road, 
SHEFFIELD 10 





Telephone : 


Telegrams : 
60689 Sheffield Nitralloy Sheffield 











WORK WANTED 
STRUCTURAL STEEL FABRICATION, 
GENERAL ENGINEERING. 

BY ESSENTIAL FIRM. 

IDLE MEN and MACHINES 
WILL NOT WIN THE WAR. 
CAN WE HELP YOU ? 


COMMERCIAL STRUCTURES LTD, 


Engineers and Contractors, 
STAFFA WORKS, STAFFA R@AD, LEYTON, £.y 
Telephone: LEY 3678. 





















TOOL MAKING 
ASSISTANCE 
WANTED 


Aircraft Manufacturers require con. 
siderable tool nore | assistance on 
all types of Jigs and Fixtures during 
the next 12 months. Firms having 
capacity during this period are re. 
quested to forward fullest possible 
details as to weekly man_ hours 
available, etc. 
BOX No. 7910 


THE ENGINEER, 28, Essex Street 
Strand, London, W.C.2 
















STONEBREAKER! 


Crushing Rolls, Screens, 

Elevators and Conveyors 

Complete Plants for fine crush'ng 

or cadam are our Speciality 
ROBERT BROADBENT & SONS, 

Ironworks, STALYBRIDGE 


Tel. No. 296 Tel. Address—Broadbent Stalyin 





Briquette Machine 
FOR 

COAL, COKE, ORES, &c. 
WRITE 


HERBERT ALEXANDER & Co. 


1-3, CHARMOUTH STREET, LEEDS. 





REM WYDRAULIC MACHINERY | 











BRICK MACHINERY. 
BENNETT & SAYEI 


Engineers, lronfounders and General 
Millwrights, 


DERBY. 

















‘‘The Lancaster’’ 





BLOW THROUCH 


Compact Type (Lifting) Fig. C.6. 






& SEAT and are so 
designed that they 


cannot become Air- 


LOCKED. 


Over sixty years’ 
experience in’ the 
manufacture of 


STEAM TRAPS. 


| LANCASTER & TONGE LTD. Q 


’ PENDLETON - MANCHESTER 


ne es Pendleton 1 
Telegrams PISTONS MANCHESTER 


STEAM TRAP 


For any purpose, pressure or aandenh All “The 
Lancaster” traps are fitted with NICKEL VALVE 
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Float Type (Non-Lifting) Fig. F.1. 
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Directorate of Industrial Electrical 
Equipment 


A Drrecrorate of Industrial Electrica! 
Equipment, known as the D.I.E.E. of the 
Ministry of Supply, has now been formed within 
the organisation of the Controller-General of 
Machine Tools and Equipment. The object of 
the Directorate is to undertake central planning 
in‘ connection with electrical equipment used 
in industry. The equipment coming within the 
scope of:the new Directorate includes rotating 
machinery, such as motors, generators, con- 
verters, frequency changers, static machinery, 
such as transformers and rectifiers, and con- 
densers for power factor correction and 
phase conversion, and switchgear and control 
equipment, including starters, regulators and 


their associated ‘ equipment, switches, fuses, 
switchboards, distribution boards, circuit 
breakers and isolators. The following is 


excluded from the scope of the Department :— 
All equipment needed for Admiralty purposes, 
for ground radio or airborne purposes, and that 
required for generation, transmission or high- 
voltage distribution by either: electric supply 
undertakings or industrial undertakings. It 
will! be the duty of the D.I.E.E. to assess 
supplies and demands, and. to see that such 
action is taken'as may be necessary to secure the 
most efficient use of production capacity. The 
Controller-General has set up an Electrical 
Advisory Panel to give advice and assistance 
andjto ensure that experience from all branches 
of the industry is available to the newly formed 
Diréctorate. The following. gentlemen have 
been appointed by the Controller-General to 
serve on the Panel :—Mr. H. Bosworth, Lanca- 
shire Dynamo and Crypto, Ltd.; Mr. F. V. 
Brook, Brook Motors, Ltd.; Mr. D. Maxwell 
Buist, The British Electrical and Allied Manu- 
facturers’ Association; Mr. E. C. Holroyde, 
Crompton-Parkinson, Ltd.; Mr. L. J. Hunt, 
The Electric Construction Company, Ltd.; 
Mr. J. 8, Ramsden, The British Thomson- 
Houston Company, Ltd.; Mr. T. G. Travis, The 
General Electric Company, Ltd.; Mr. J. R. 
Walton, The Electrical Apparatus Company, 
Ltd. The Director of Industrial Electrical 
Equipment is Mr. 8. F. Steward, Ministry of 
Supply, D.I.E.E., 35, Old Queen Street, 
London, S.W.1. 


Port Administration 


In the recently issued twenty-fourth report 
from the Select Committee on National Expendi- 
ture reference is made to administration at 
British ports. Since the last report of the Com- 
mittee, which was issued on June 12th, 1941, 
the Sub-Committee has completed a series of 
visits to the principal ports and mercantile 
shipyards, In every area visited they found 
evidence that considerable improvements. in 
the turn-round of shipping and the dispersal of 
goods from vulnerable areas (so far as facilities 
permittéd)' had followed the appointment of 
Regional Port Directors at the more important 
ports. The existence of such an executive 
director (with the authority of the Minister) in 
each region has reduced to a great extent over- 
lapping and confliction of interests between 
Departments. Many ports are now in a position 
to deal with an. increased volume of shipping. 
There is still room, however, for further clarifi- 
cation of responsibility in certain respects, e.g., 
fire prevention measures, and the importance 
of clear and definite ipstructions from head- 
quarters to the regions must be stressed. With 
regard to the’ recent Essential Work (Dock 
Labour) Orders’ covering the principal ports 
of the United Kingdom, with the exception of 
the Merseyside and Clydeside ports, at which 
the Minister of War. Transport is now the 
employer of all dock labour, the Sub-Committee 
emphasises, the important part to be played by 
dock labour in the. turn-round of ships. | 


A Seven-Day Journal 


in unloading and loading ships have been 
brought to the Sub-Committee’s notice, which 
show that, given good feeling and a sense of 
national duty, a very high rate of performance 
can be attained and maintained. The fact that 
port work is by its nature intermittent rather 
than regular, and that this has been accentuated 
under war conditions, should make high-pressure 
work at intervals possible without imposing too 
great a strain on labour, especially since em- 
ployment conditions have been much improved 
through decasualisation. 


New Engineering Professor for Australia 


NeEws comes from Australia announcing the 
appointment to the P. N. Russell Chair of 
Mechanical Engineering in the University of 
Sydney, N.S.W., of Dr. G. G. MeDonald, 
B.Se., Ph.D., who is at present Lecturer in 
Engineering in the University of Glasgow. The 
new professor succeeds Sir Henry Barraclough, 
who has been Professor of Mechanical Engineer- 
ing in the P. N. Russell School of Engineering 
since 1915. For the past six years Dr. McDonald 
has been on the teaching staff of Regius Pro- 
fessor Gilbert Cook, D.Sc., F.R.S., after having 
been for seven years assistant,to Professor 
Cook’s predecessor, the late John Dewar 
Cormack, C.B.E., D.Se. His practical -engi- 
neering training was obtained between 1918 and 
1927 in the fitting shops and design offices of 
G. and J. Weir, Ltd., Cathcart. He entered 
Glasgow University in 1924 with the Institution 
of Naval Architects’ “‘ Weir”? Scholarship in 
Marine Engineering, and graduated in 1928 
with first-class honours in mechanical engi- 
neering, taking naval architecture and marine 
engineering as his additional subject of study. 
Dr. McDonald’s tenure of a Carnegie Teaching 
Fellowship from 1937 to 1940 entitled him to 
complete in Professor James Small’s laboratory 
a theoretical and experimental investigation into 
the efficiency and characteristics of centrifugal 
pumps and compressors, which he had com- 
menced some years earlier at the suggestion and 
under the direction of Professor W. J. Goudie, 
D.Se. A thesis embodying the results of this 
research gained for him the higher degree of 
Doctor of Philosophy of Glasgow University 
in 1939. Contributions on the same subject 
from, Dr. McDonald’s pen have from time to 
time appeared in our columns. 


A Government Road Haulage Scheme 


Ir is announced by the Ministry of War 
Transport that certain modifications to the 
original plan for the Government’s road haulage 
scheme, put forward by the Advisory Com- 
mittee, have now been accepted by the Minister. 
The scheme will now come into force as quickly 
as possible. The suggestions involve a.complete 
partnership in the scheme by the industry, and 
the Minister expresses confidence that they 
should ensure the fullest co-operation of the 
Government and the industry for the better 
use and control of road goods transport during 
the national emergency. The scheme adopted 
provides for a fleet of vehicles under con- 
tinuous Government control, to be known as 
‘* chartered ’’ vehicles, and the arrangement 
through one channel of at least a considerable 
part of the long-distance road movement of 
Government traffic or other national require- 
ments. There will be a Ministry organisation 
which will control the movements of the 
Government fleet of vehicles and act as 
a clearing house for traffic which the Govern- 
ment accepts, and an organisation set up by 
the industry to allocate the traffic passed to it 
by the Ministry’s organisation. The fleet: of 
chartered vehicles will be built up as required 
to a total of 2500 vehicles, in addition to the 
1600 already chartered for the. movement of 
meat. ‘They will be hired at rates which include 
a standing payment for each week and an 
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gency, to have a substantial vehicle capacity 
available in each area operators of goods 
vehicles (including “‘C’”’ licence holders) are 
invited to contract with the Minister to provide, 
upon certain notice being given, a proportion 
of their ‘vehicles. The organisation of these 
“Defence Lines” will be undertaken by the 
Regional Transport Commissioners; the 
vehicles will in, most cases be hired by the 
Minister for operation under his control. 


Wages in the Engineering and Ship- 
building Trades 


On Wednesday, October ‘29th, the Engi- 
neering and Allied Employers’ National Federa- 
tion rejectéd the claims of the engineering trade 
unions for increases in' wages. The Amalga- 
mated : Engineering Union -and. the . foundry 
workers had asked for an addition of 4d. an 
hour on the basic rates, or approximately 16s. 
a week, while the other engineering trade unions 
had applied for an increase of 10s. a week. 
Mr. G. E. Bailey presided at the conference, 
and Sir Alexander Ramsay gave a reasoned 
reply to the arguments which were advanced by 
the unions at the earlier conference which took 
place in August last. The unions intimated 
that they would have to consider their next 
step, but in informed circles there appears to 
be little doubt as to what the future course 
will be. When the matter of wages increases 
came up for consideration at the recent meeting 
of the National Committee of the Amalgamated 
Engineering Union it appeared likely that the 
Employers’ Federation would reject the claim 
and that it would have to be argued before the 
National Arbitration Tribunal. The Ship- 
building Employers’ Federation also had a 
conference with the representatives of the 
shipbuilding trade unions, at which a claim was 
presented for an increase in wages. The 
Employers’ Federation rejected the claim, and 
again it seems likely that the case for an 
increase will have to go before the National 
Arbitration Tribunal. We may recall that any 
decisions the Tribunal may make are binding 
alike on the employers and their workpeople. 


A Great Western Railway Accident 
Report 


In our issue of July 4th we recorded with 
regret the serious railway accident which took 
place on the Great Western line near Slough on 
the early morning of July 2nd, which resulted 
in the death of five persons, three of whom were 
naval ratings, and the injury of twenty-four 
others. The Plymouth express, which was due 
in at Paddington at 3 a.m., was running on the 
main up line. It had just passed through 
Slough Station when it collided head-on with 
a goods train at a set of cross-over points near 
Dolphin bridge. The first two coaches of the 
express were telescoped and it was in them 
that most of the casualties occurred. In the 
official report of Major G. R. S. Wilson to the 
Minister of War Transport, which was issued on 
Tuesday, November 4th, Signalman W. Welch, 
who was on duty on the morning of the accident 
in- the Dolphin Junction signal-box, is blamed 
for the collision, and Major Wilson says he 
must bear full responsibility for the accident. 
In his remarks Major Wilson criticises the 
observation of the signals from the middle 
of the frame, and thinks that the company 
should be asked to consider the possibility 
of its improvément as the short range of 
view contributed indirectly to the accident. 
It was also suggested that the accident might 
have been avoided if the engine of the 1.30 a.m. 
goods train, which was an L.M.S. 2-8-0 two- 
cylinder locomotive lent. to the Great Western 
Railway. Company, had been equipped with the 
G.W.R. automatic train control apparatus. In 
view, however, of a doubt as to the aspect of 
the distant signal concerned, there can be rio 
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(Continued from page 288, October 31st) 


THE Frrst QuEBEC BripGe.—Parrt III 


E have seen that the Quebec bridge, had 
it been completed, would have been a 
structure possessing, at the most, a narrow 
margin of safety. It might have served its 
purpose for a few years, but even if no 
increase in the traffic load upon it had 
occurred—and it was supposed to be designed 
to allow for a considerable increase of such 
load—it would, in severe weather conditions, 
have been perilously near disaster. 

A bridge builder has, however, to consider 
not only the strength of his structure after 
it has been erected, but also its safety at all 
stages of its erection. It may happen in 


false work on which the anchor arm had been 
built had been withdrawn, the main traveller 
was standing at the extreme end of the canti- 
lever arm and the little traveller had just 
begun the erection of the fourth panel of the 
suspended span. Under these conditions 
there was no reversal of the loading in any 
member except in the chords of the suspended 
span. In addition, subsequent analysis, 
making full allowance for the actual weights 
of the members, showed that in every one of 
them the unit stress should have been sub- 
stantially or well below the permissible value 
named in the specification. For example, in 
the members A6 to Al0 of the anchor arm 
lower chord the stresses should have been 





Forth Bridge trusses are of tubular formation. 
Ten plates make up the circumference, 
successive plates in the axial direction of the 
chords butting against one another and 
* breaking joint.” The longitudinal joints 
are lapped and the circumferential joints 
have cover plates inside and out. Interna!ly 
the tubes are stiffened by means of ten tee- 
and-angle girders with intermediate wing 
plates. The inner edges of these wing plates 
and the heads of the girders are riveted to a 
continuous ring of angle section. The 
chords are lightly curved as seen in elevation. 
The compression chords of the Quebec bridge 
were of an entirely different design. They 
were composed of four webs, each web con- 
sisting of four plates riveted together. Angles 
were riveted along the top and bottom edges 
of each web and across these angles trans. 
verse and diagonal lattice bracing was fixed 
At intervals diaphragms were placed between 
the webs, while at other intervals cover plates 
extended across the webs on the upper and 
lower faces of the chords. The main diagonal 
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COMPRESSION CHORDS OF THE FORTH AND QUEBEC BRIDGES 


some bridges erected in certain ways that 
portions of their anatomy are subjected to 
higher stresses during erection than they will 
be called upon to bear after the bridges are 
completed. Further, it may happen that 
certain members which ultimately will bear 
a compressive or tensile load will be subjected 
during erection to a temporary tensile or 
compressive load. What were the con- 
ditions in this respect existing in the partially 
erected Quebec bridge on the afternoon of 
August 29th, 1907 ? 

Following the same plan as that adopted 
at the Forth Bridge, the builders intended to 
erect the suspended span by cantilevering 
one half of it out from each main cantilever 
arm and joining the halves at midstream. 
The erection equipment employed consisted 
of a main traveller for placing the members 
of the anchor and cantilever arms and a little 
traveller for erecting the suspended span. 
On the day of the disaster the anchor and 
cantilever arms on the south side of the river 


ll 





had been erected, but not fully riveted, the 


respectively 15,800, 16,800, 16,600, 16,800 and 
16,500 as compared with the allowable stress 
of 24,000 Ib. per square inch under extreme 
conditions of loading of the completed bridge. 
Nevertheless, under these quite moderate 
apparent stresses the structure collapsed. 
The specification was unsatisfactory in many 
respects, the material employed was not as 
strong as it was intended to be, and serious 
miscalculations had been made in the design 
of the bridge. But taken altogether these 
facts cannot account for the extraordinary 
weakness of the bridge revealed by its falling 
under the conditions we have named. They 
doubtlessly contributed to its weakness, but 
obviously some other factor of major import- 
ance was also present. Subsequently gathered 
evidence made it clear what that factor was. 
To the faulty design of the bridge and the 
low quality of the material employed in it 
we have to add the third of the main causes 
of most engineering disasters—imperfect 
workmanship. 


and vertical members of the trusses were 
connected to the chords by pins passing 
through reinforced portions of the webs. 
The chords were made in sections, the webs 
of successive sections being butted together 
and connected by cover plates. These butt 
joints occurred at some distance—about 
10ft. or 11ft.—beyond the panel points. The 
chords as seen in elevation were curved, or, 
more correctly, polygonal. Each chord 
section as made in the shops and despatched 
to the site therefore consisted of a long portion 
forming the major part of one panel length 
and a short portion forming the minor part 
of the next panel length, the two portions 
being united in a bend at the panel point. 
It is quite clear that no one concerned with 
the design, fabrication or erection of the 
bridge realised that the design of the com- 
pression chords was such as to demand excep- 
tional accuracy in their manufacture and 
exceptional care in the assembly and con- 
nection of their component sections on the 





The lower or compression chords of the 


site. During the erection of a bridge the 
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loads on the members already erected increase 
as further members are added to the structure. 
If, therefore, the bridge when completed is 
to possess with accuracy the form intended 
by its designer and to be stressed correctly, 
it is necessary during its erection to make 
allowance for the change in position and the 
deformation of the various members which 
will occur as the building cperations progress. 
In the case of the butt-jointed sections of the 
compression chords of the Quebec bridge this 
requirement meant that the sections should 
be initially assembled with the butt ends 
of the webs touching only along their top or 
bottom edges. As erection proceeded the 
sections pivoted about these edges, full 
bearing over the whole depth of the webs 
being reached, or being intended to be 
reached, when the structure was completed. 
Until the joints closed, the riveting of the 
splices in the compression chords was not 
carried out. While waiting for them to close 
the joints were bolted with undersized 
bolts. The amount of angular movement to 
be provided for at the joints was determined 
by Williot’s method. It varied from '/,,in. 
to 18/,,in., as measured across the gap between 
the open edges of the webs. The erection of 
the south anchor arm was completed by 
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16,000 Ib. to 17,000 lb. per square inch, 
might have reached a maximum value twice 
as great or well above the elastic limit of the 
steel. 

All these calculations and speculations are 
based on an absence of errors in the dimen- 
sions of the chord members. No effort seems 
to have been made to assess the magnitude 
of the possible dimensional errors or of the 
effect which they would have on the stressing 
of the structure. The inspectors at the 
Phoenix Company’s works were instructed to 
work to the nearest one sixty-fourth of an 
inch and on the strength of that instruction 
all concerned appear to have assumed that 
the dimensions of the parts would be correct 
to within that limit, and, further, that if 
they were correct to within that limit they 
would behave satisfactorily. In practice, an 
error, not in excess of one sixty-fourth of an 
inch, was a standard of accuracy beyond the 
ability of the Phoenix Company to achieve 
and of the inspectors to guarantee. 

That fact is not surprising in view of the 
size and shape of the fabricated parts. Take, 
for example, the chord member known as 
A9, one of the members which just before 
the accident was exhibiting distress. Its 
web plates formed a section measuring about 
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ESTIMATED MOVEMENTS AT JOINTS OF ANCHOR ARM 


June 27th, 1906, but it was not until June 
of the following year that the joints in the 
compression chords had closed sufficiently to 
permit their riveting to be begun. On the 
day of the disaster the riveting had not been 
completed, the joint in the member A6 of 
both trusses and that in Al0 of the west 
truss still being in the bolted condition. 

On the whole it would appear that the 
movements at the joints were correctly fore- 
cast by the designers. There is, however, 
no evidence to show that means other than 
visual inspection was employed to determine 
the date on which they should be riveted. 
[It is clear that until the joints closed the 
loads in the compression chord members 
were being transmitted through some small 
area of the web plates extending from the 
edges initially in contact. After the joints 
had apparently closed there was no guarantee 
that the stress was distributed uniformly 
over the cross sectional area of the web 
plates. It might well have been true that 
when the joints seemed to be closed the stress 
in the web plates varied from twice the 
intended, value at the edges initially in con- 
tact down to zero at the edges initially open. 
In such an event the stress in the members 
A6 to Al0, instead of having the calculated 





uniform values already mentioned, of about 


4ft. 6in. square overall. From end to end 
the member had a length of about 57ft. and 
and the last one-fifth or so of its length lay 
at an angle of about 4 deg. relatively to the 
first four-fifths. The ends of the web plates 
of this awkward cumbersome piece had to 
be machined in order that they would butt 
correctly against the ends of the web plates 
of the adjoining sections. Even without 
the bend it would have been a very difficult 
task to ensure that the ends were faced. to a 
true plane and parallel with each other with 
an error not in excess of one sixty-fourth of 
an inch. The bend made the attainment of 
the requisite accuracy still more difficult. 

To the natural difficulties of executing the 
work in a satisfactory manner we have to 
add the fact that when the Phoenix Company 
received the contract it was not equipped to 
deal with parts possessing the size of the 
Quebec bridge members and had to purchase 
and install new equipment for the purpose. 
Further, the foundations of its shop floors 
lacked the rigidity necessary to support the 
members without distortion. The method 
of facing the ends of the web plates consisted 
of machining one end with a rotary facing 
tool and then turning the member round for 
the facing of the other end. After the acci- 
dent the members of the as yet unerected 





north shore trusses were examined as they 
lay in the storage yard. It was found that 
the web plate ends lay, not in a plane, but on 
@ slightly dished surface. In some cases it 
was also discovered that the four webs of a 
member were not of exactly the same length. 
It seems highly probable that when the 
members were turned end for end for the 
purpose of facing them they were liable to 
develop a racking movement, with the result 
that the web ends which were first faced lost 
their substantially planar alignment. The 
dishing of the ends together with any differ- 
ence in the lengths of the four webs of any 
one member would have the inevitable result 
of interfering seriously with the intended and . 
assumed equal distribution of the load across 
the web plates. 

The situation was made still worse by the 
fact that the successive members of the 
structure were dispatched to the site without 
a trial assembly to test the manner in which 
they would mate together. Had such an 
assembly been, carried out it would have been 
found that in a number of cases the web 
plates of one member would have failed to 
align by as much as a quarter inch measured 
transversely with the web plates of the 
adjacent members. This misalignment was 
not discovered at the site until late in the 
day. It occurred mainly in the two central 
webs and was not revealed until the top and 
bottom cover plates were removed for the 
purpose of riveting the side cover plates at 
the butt joints. 

These various factors provide ample expla- 
nation for the failure of the compression 
chords under a load much lower than that 
which they were theoretically capable of 
carrying. They were inherent in the design 
of the chords in so far that that design 
demanded for its success a standard of per- 
fection of workmanship much beyond that 
which could be reasonably expected of the 
shops. The accumulated effect of the errors 
in the design and fabrication of the com- 
pression chord members was such as to place 
them in the condition of bent or excentrically 
loaded columns, the load on which was being 
gradually increased. The theory of columns 
under load as expounded by Euler, Gordon, 
Rankine and others is to this day a subject of 
debate. Many formule giving widely different 
results have been proposed. Amidst much 
that is uncertain two facts can be accepted as 
established. The first is that a loadad 
column may bend up to a certain critical 
amount and remain safe, but if the bending 
exceeds this critical amount the column, even 
without the addition of further load, will 
continue to bend and the stress in its fibres 
will continue to rise until failure occurs. 
The second is that the designer of columns 
is not justified by the existing state of column 
theory in relying upon refined calculations 
and closely drawn factors of safety. It is 
undoubted that those responsible for the 
design of the Quebec bridge compression 
members did not act in a manner suggesting 
that they were fully aware of the significance 
of the second of these facts. It is equally 
undoubted that their unwarranted faith in 
the accuracy of column theory combined 
with the errors made in the fabrication of the 
parts resulted in the compression chord 
members reaching the critical bending stage 
some days before the disaster occurred and 
that the bridge would have collapsed even 
if the further addition of weight to it had 
been stopped. 


* * * * 
By the beginning of August, 1907, all the 


factors, human and material, which we have 
detailed in the course of our story began to 





group themselves towards a crisis. The events 
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of that month appear in retrospect to be 
doubly tragic. The errors in the design of the 
structure and the faults in its fabrication had 
for the most part become known to those 
principally concerned with it. Yet with 
their eyes open they pushed on with the work 
of erection, not only after the inevitable 
fate of the structure had come within the 
range of prediction, but. even after outward 
physical happenings plainly presaged disaster. 
The first disquieting symptom was noted 
on August 6th, 1907, by Mr. N. R. McLure, 
one of the Quebec Bridge Company’s 
inspectors at the site. On that date prepara- 
tions were being made for riveting the splice 
between the members 7 and 8 in the com- 
pression chord of the west truss of the canti- 
lever arm. In order to rivet the six vertical 
cover plates uniting the webs of the two 
members the top and bottom cover plates 
were unbolted and removed. On doing so it 
was discovered that while the two outer webs 
were straight the two inner webs were bent. 
As seen in plan from below one of the inner 
webs was bent out of the straight by an inch 
measured in the plane of the abutting faces 
between the two members, while the other 
web showed a deflection of fin. The deforma- 
tions decreased to }in. and zero respectively 
at the top surface of the members. The 
riveting of the splicé was postponed. Mr. 
McLure reported the facts to Mr. Cooper at 
New York and suggested that the effect of 
the bending should be counteracted by 
inserting a diaphragm between the two inner 
webs. Mr. Cooper did not consider this 
remedy satisfactory and proposed that the 
bent webs should be pulled back into align- 
ment by means of bolts passing through them 
and the outer straight webs. He also asked 
Mr. McLure to find out how the webs had 
been bent. The facts were also reported to 
the Phoenix Company’s chief engineer, Mr. 
J. S. Deans, who six days later told Mr. 
Cooper that the bends had probably been 
made in the shops in order to secure the 
correct spacing of the webs at their abutting 
faces. Mr. Cooper appears to have been 
somewhat mystified by this suggested expla- 
nation and wrote to Mr. McLure asking him 
for further and more exact information. Mr. 
McLure, in the course of acknowledging this 
instruction, told Mr. Cooper that in his view 
the bends were not present when the members 
were received from the shops, but had 
occurred since they had been erected and 
placed under stress. He added that he had 
just discovered that the inner webs at the 
splice between members 8 and 9 of the same 
truss of the cantilever arm were also bent in 
the same direction, but to a lesser extent. 
No one at this date appears to have felt 
any alarm over the bends in the webs. Mr. 
McLure thought that they had been caused 
by reason of the inner webs having been 
made slightly longer than the outer webs in 
the manner we have already detailed. Mr. 
Cooper contended that in all probability 
they had been caused by blows received by 
the members during their erection. In con- 
junction with Mr. A. H. Birks, the Phenix 
Company’s resident engineer, Mr. McLure 
made a further and more detailed examina- 
tion of the bends and confirmed their nature 
and amount. He failed to find any evidence 
of their having been caused by a blow. 
About this time Mr. McLure fell ill and his 
assistant, Mr. Kinloch, carried on his work. 
Between August 20th and 23rd Mr. Kinloch 
discovered bends in the compression members 
of the east truss of the cantilever arm. In 
some instances he found that all four webs 
were bent and he imagined that he could 
detect signs that the bending was increasing. 
He reported his discovery to Mr. Birks and 
to Mr. Yenser, the Phoenix Company’s fore- 


man erector, but neither of them considered 
the matter to be important. Later the dis- 
covery was reported to Mr. McLure when he 
returned to duty, but neither Mr. Cooper nor 
Mr. Hoare was informed of it. 

Soon afterwards attention was attracted 
to the members 8 and 9 of the anchor arm. 
A bend of in. was discovered by Mr. 
Kinloch in one of the webs. Thereafter a 
careful watch was observed, but still no 
general alarm was aroused until about a week 
had elapsed. On the morning of August 27th 
it was found that in the neighbourhood of the 
splice all four webs of both the east and the 
west trusses were bent and that the bend of 
#in. originally noted had increased to 2}in. 
Messrs. McLure, Kinloch, Birks and Yenser 
actively discussed the cause and possible 
consequences of the deflections. Although 
some of them felt uneasy they proceeded 
leisurely to plot the deflections, and it was 
not until the evening, twelve hours after the 
discovery of the increase in the bends, that 
Mr. Hoare at Quebec was informed of the 
situation. The news was sent to him by a 
personal messenger. It was considered 
inadvisable to use the telephone lest the 


erection of the suspended span. Mr. Hoare 
expressed his approval of this procedure. He 
was advised, he said later, that the completion 
of the suspended span would add not more 
than 50 lb. per square inch to the stress in 
the members under suspicion, an addition 
which, others persuaded him, could do no 
harm. Further, he was concerned about the 


work would have upon the men. Still further, 
he did not understand that his powers as 
chief engineer to the Quebec Bridge Company 
included authority to order the cessation of 
activity on the structure. In any event, 
when he arrived at the site on the morning 
of the 28th, he found that the small traveller 
had already been moved forward. He was 
therefore relieved of the necessity of deciding 
whether the work of erection should be con- 
tinued or stopped. All that was required of 
him was to express his formal approval of its 
being continued. 

Mr. Hoare was manifestly anxious to 
believe that no danger threatened the 
structure. He listened readily to Mr. Birks, 
who advanced that view and sought to per- 
suade Mr. Kinloch, who thought otherwise, 
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growing, should overhear the message and 
become alarmed to the extent of stopping 
operations. That evening, too, Mr. McLure 
wrote to Mr. Cooper in New York and 
enclosed a dimensioned sketch of the deflec- 
tions in the anchor arm members—repro- 
duced herewith. It was considered desirable 
to write rather than to telegraph or tele- 
phone, partly in order to avoid alarming the 
workmen and partly in order that Mr. Cooper 
might be placed at the earliest possible 
moment in possession of the fullest details. 
Simultaneously Mr. Birks wrote to his firm 
at Pheenixville reporting the existence of the 
bends. 

On the following day, Wednesday, August 
28th, Mr. Hoare visited the bridge. He 
listened to the various and conflicting views 
presented to him and, conscious that he was 
not qualified to pronounce judgment, 
acquiesced to a proposal that Mr. McLure 
should go to New York to see Mr. Cooper and 
subsequently visit Pheenixville for further 
discussion with the builders. 

On the 27th Mr. Yenser had decided to 
stop erection work on the bridge, but after 
a night’s reflecton he changed his mind and 
on the morning of the 28th moved the small 





been a little uneasy, but later in the day his 
uneasiness was allayed by Mr. Birks, who, 
after making a fresh examination of the 
deflections, reaffirmed his conviction that 
the chords were not buckling urider load and 
that the bends in the webs had been present 
before the members were erected. On the 
following day, the fatal 29th, he felt com- 
pletely reassured. by the receipt of a telegram 
from Pheenixville stating that the bends in 
the webs had been present before the chord 
members left the shops and that in the exist- 
ing state of the bridge the chords were under 
much less stress than their designed maximum 
loading. So comfortable did he now feel in 
his mind that he did not visit the bridge again, 
but remained all day in his Quebec office pre- 
paring a report for the annual meeting of his 
company. 

Mr. Yenser, as we have said, decided on 
the 27th to stop erection, but overnight 
changed his mind. Why did he do so? He 
told some of his colleagues that he had had a 
dream in which he had been impressed by 
the foolishness of stopping work on the 
bridge. It would seem more reasonable to 
suppose that during the evening he dis- 
cussed the situation with Mr. Birks, and 





traveller forward and proceeded with the 


that he was induced to adopt that 


“bad moral effect ” which any stoppage of 





wid 
not 

coll 
labe 
brid 
the 

insp 
in 6 
It y 
the 

arm 
Fro 
seric 
wav 
ocel 
Dur 
muc 
othe 











Nov. 7, 1941 


THE ENGINEER 





309 








gentleman’s optimistic outlook on the 
situation. 

Mr. Birks was an able and clear-headed 
engineer. We must also adjudge him a brave 
man and a loyal servant to his company. 
As a trained engineer, he must have known 
that if the deflections of the anchor arm com- 
pression chord webs were increasing, as they 
were reported to be, disaster could not be 
far off. He refused, however, to accept any 
suggestion that the chords were weak, 
turned aside all evidence that the deflections 
were increasing, and insisted that there was 
no danger. His actions prove that he held 
these convictions honestly and sincerely. 
When some hesitation arose among the work- 
men on the morning of the 28th regarding 
the wisdom of moving out the small traveller 
and continuing the erection of the suspended 
span, he overcame it by undertaking to walk 
behind the traveller as it was advanced. He 
risked his life thereafter by remaining on the 
bridge while the work of erection was con- 
tinued, and on the following day when the 
structure collapsed he lost it. He may have 
been foolhardy, but we cannot believe that 
he acted as he did from any narrow motive 
involving his firm’s interest. There is only 
one explanation of his conduct. He did not 
deliberately shut his eyes to the portents of 
approaching disaster. His faith in his firm, 
and in particular in the ability of Mr. 
Szlapka, its chief designer, was so complete 
that he could not possibly bring himself to 
believe that the structure was defective in 
any respect. The report of the Royal Com- 
missioners fully confirms this interpretation 
of his actions. 

Mr. McLure was a young graduate of 
Princeton University. His practical experi- 
ence had been gained on railway work during 
summer vacations. Although paid by the 
Quebec Bridge Company, he had _ been 
appointed to the post of inspector by Mr. 
Cooper, somewhat against Mr. Hoare’s 
wishes. To fit him for his duties at the site, 
Mr. Cooper sent him for a time as assistant 
inspector at the Pheenixville shops. There- 
after he was moved to Quebec and appointed 
chief inspector of erection. Although he 
held this responsible post, his actions on the 
critical days immediately preceding the 
disaster appear to have been dominated by 
two motives. He was uneasy about the 
deflections in the webs, but no doubt felt 
that to admit that they indicated any alarm- 
ing weakness in the structure would be tanta- 
mount to a declaration of a lack of faith in 
Mr. Cooper’s ability. In addition, he had a 
young man’s dread of “making a fool of 
himself.” 

Mr. Kinloch occupied the least influential 
position among those prominently associated 
with the erection of the bridge, and engaged 
at the site during the last fateful days. He 
had been appointed to the post of inspector 
by Mr. Hoare, and was ultimately made sub- 
ordinate to Mr. McLure. He was a man of 
wide practical experience, although he was 
not an engineer in the sense that he had no 
college degrees. He began life as a common 
labourer at the age of sixteen, had become a 
bridge erector and had worked his way up to 
the position of a foreman, and finally of an 
inspector. Since 1887 he had been working 
in one capacity or another on large bridges. 
It was he, as we have said, who discovered 
the bends in the east chord of the cantilever 
arm and in both chords of the anchor arm. 
From the first he seems to have taken a 
serious view of their significance. He never 
wavered in his belief that the deflections had 
occurred after the members had been erected. 
During the discussion on the 27th he was 
much annoyed at the unwillingness of the 


cerning the bends, and thenceforward avoided 
further reference to the subject as much as 
possible. Before Mr. McLure left for New 
York, Mr. Kinloch made him promise that 
he would telegraph Mr. Cooper’s decision to 
him as soon as possible. Mr. McLure failed 
to keep that promise. “It is clear,” the 
Royal Commissioners wrote in their report, 
“that on that day [the 27th] the greatest 
bridge in the world was being built without 
there being a single man within reach who, 
by experience, knowledge, and ability, was 
competent to deal with the crisis.” Some 
readers to-day may feel that that judgment 
was a little less than fair—to Mr. Kinloch. 

The man who was competent in these 
respects, the elderly, ailing Mr. Cooper at 
New York, was also the man who, with Mr. 
Szlapka, was jointly responsible for the con- 
ditions which had caused the crisis to arise. 
He not only failed to detect in time the errors 
in Mr. Szlapka’s calculations, but when they 
were discovered he sought to minimise their 
consequence. When the first reports of the 
bending of the webs reached him, he pro- 
pounded a theory to account for them which 
could not be substantiated. He did not seek 
to make himself acquainted with the facts 
at first hand, but relied entirely on the 
reports received from the inspectors. From 
first to last during the whole time the super- 
structure of the bridge was being erected, he 
never once visited the site. 

The last few lines of our story bring to a 
fitting conclusion a tale marked throughout 
by misjudgment, miscalculation, and mis- 
placed confidence. 

On Thursday, August 29th, 1907, Mr. 
Cooper arrived at his New York office soon 


after 11 a.m. He found Mr. McLure awaiting 
him. He at once realised the gravity of the 
situation, and promptly telegraphed to the 
Pheenix Company instructing it to add no 
more load to the bridge until after due con- 
sideration of the facts. He said afterwards 
that he sent the message to Pheenixville 
instead of to Quebec because he believed 
that by so doing action would be more 
promptly secured. In that belief he was 
deceived. His telegram arrived at Phcenix- 
ville at 1.15 p.m., but it was 3 p.m. before it 
reached Mr. Dean’s hands. Mr. Deans took 
no action on it beyond arranging with Mr. 
Szlapka to be at hand when Mr. McLure 
arrived from New York. At about 5 p.m. 
Mr. McLure reached Pheenixville. There was 
a brief discussion. Although the Phenix 
Company’s officials were aware that erection 
was being continued, and that Mr. Cooper 
had ordered it to be stopped, it was decided 
to postpone action until the morning. 
Almost at the instant at which that decision 
was taken the bridge collapsed, the primary 
failure occurring in the members of the 
anchor arm compréssion chords near the 
main pier. 

Perhaps it was all for the best. Perhaps 
these final delays and postponements really 
made little difference. The Royal Commis- 
sioners probably spoke truly when they 
expressed the opinion that no action taken 
after August 27th could have saved the 
structure from collapse. Had it by some 
miracle survived to be completed and passed. 
into service, it seems certain that a disaster 
to the first Quebec Bridge would still have 
formed the subject of one of the articles of 
this series. 
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PRESENT PosITION (continued) 


Compounding.—This brings me.to the 
question of compounding, which has already 
been referred to. Although a standard 
feature of marine reciprocating engine design, 
it has not found extensive favour in any 
country other than France. In England it 
has been the subject of repeated trials—no 
less than 12 per cent. of all the locomotive 
papers ever read before the Institution are on 
compounding—and in theory it has obvious 
advantages over simple expansion. These 
advantages are especially marked at higher 
working pressures, above 300 lb. per square 
inch, where, if expansive working is attempted 
within the confines of a simple cylinder, either 
the cut-off has to be so early that the turning 
moment becomes undesirably uneven, or 
alternatively with a reasonable cut-off, the 
exhaust pressure is too high, causing loss by 
incomplete expansion. It must be confessed 
that many British attempts have contained 
serious defects : condensation, causing serious 
loss, and lack of understanding of the prin- 
ciples of steam flow have often rendered the 
engines more sluggish than their simple 
expansion contemporaries. The advent of 
superheating, which brought fresh life to 
the compound on the Continent, has only 
been applied in any scale to one British type 





* Institution of Mechanical Engineers, Address: by 
the President, W. A. Stanier, M.l. Mech. E. Slightly 





others to accept his statement of facts con- 





—the “Midland” compound and within 
the limits of its size good work has been and 
still is being done by this class. It has, how- 
ever, never been modernised as regards its 
cylinder and valve gear design, so its actual 
efficiency is below that of the present-day 
simple expansion engine. An analysis of its 
cylinder losses was the subject of a paper 
before the Institution in 1927. 

It is also possible to understand now why 
the French “De Glehn’’ compounds im- 
ported by the Great Western Railway in 
1903 and 1905 did not give results superior 
to the simple expansion designs of Church- 
ward. Chapelon’s work has indicated how 
serious were the effects of restrictions in 
ports and passages in this early design. Now 
that modern French investigation has so 
extended our knowledge of how a compound 
locomotive should be designed, the question 
naturally arises: Why we should not in 
this country abandon simple for compound 
expansion ? 

The answer is that the thermal gain would 
be more than counteracted by a mechanical 
loss. Fig. 6 shows that it is impracticable to 
combine within the British loading gauge 
both the large low-pressure cylinders which 
are required and the bearing and crank 
dimensions shown by experience to be 





¢ Diamond, E. L., 1927, Proc. I. Mech. E., page 465- 
** An Investigation into the Cylinder Losses in a Com, 
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essential for freedom from heated bearings 
and for high mileage between repairs. 

For triple and quadruple expansion the 
difficulties are still greater, and there are 
only two examples of which I have any 
record. In 1895 a light 2-2-2 engine was 
converted by F. W. Webb from simple to 
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out without expensive equipment, and early 
in the history of the Great Western Railway 
Sir Daniel Gooch built a dynamometer car 
for testing locomotives on the road. Indeed, 
in its simplest form no other measurements 
were taken than the weight of coal and water 
used, the weight of the train, and the dis- 
tance run. Fuel con- 
sumptions per ton-mile 
are capable of locat- 
ing the effect of major 
alterations, provided a 
sufficient number of runs 
are made under identical 
conditions of engine work- 
ing and loading, in order 
to smooth out the effect 
of variation in running 
resistance from day to 
day. Continuous mea- 
surement of the work 
done at the draw-bar by 
means of a dynamometer 
gives much more accu- 
rate results, and is the 
most wide-spread form of 
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triple expansion, but this effort was entirely 
unsuccessful. Then there is the modern 
4-8-0 engine “ L. F. Loree ”’ of 1933,§ on the 
Delaware and Hudson Railroad in America, 
concerning which no published results have 
yet been seen in this country ; but I under- 
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testing at present. The 
resultsare still not entirely 
independent of variations 
in running resistance, 
however, and in compar- 
ing results so obtained 
due regard must be paid 
to composition of train, 
weather conditions and 
nature of route traversed. 


signposts along the road 
we have travelled so far, 
and Table III gives some particulars of coal 
and water consumption per draw-bar horse- 
power-hour for various locomotives. The table 
illustrates the progress in increased loads and 
speeds and lowered fuel consumption from 





1927 onwards. It also contains four interest- 


(4) Low-degree versus high-degree super. 

heat (columns J and K). 

The figures cited are reasonably compara- 
tive as between the examples shown in the 
table, but they must on no account be com. 
pared with similar figures obtained from 
constant-speed tests, whether on the road or 
on test plants. 

Many of the large and obvious savings in 
fuel consumption have been made by the 
study of data furnished by the methods of 
testing described above ; but from now on- 
wards each forward step will not only be more 
difficult to obtain mechanically, but its cost 
is likely to be high enough to make a very 
close estimate of the saving essential. For 
this reason more exact experiments are 
necessary, and two methods of approach can 
be followed. One takesthe form of a stationary 
testing plant, and the other involves the use 
of mobile apparatus. 

There are undoubted difficulties in the 
way of finding what goes on in a locomotive 
cylinder on the road. Indicator cards can 
be taken while running in service, but as the 
indicators have to be connected to the 
cylinders by long pipes to bring them into a 
position where they can be worked, and as 


the indicator drive has often to consist of 


long and slender rods for the same reason 
distortions occur at high speed, and the 
indicated horsepower recorded ceases to 
correspond with the actual. Electrical indi- 
cators reading at a distance suitable for this 
purpose have not yet been perfected. 

Again, there is difficulty in measuring the 
cylinder feed at the moment when the indi- 


cator card is taken ; and under conditions of 


variable-speed testing it has been impossible 
to record an accurate water consumption 
over the brief periods in which it remains 
constant. These factors together form the 
greatest justification for testing at constant 
speed on a stationary plant where the data 
referred to can be obtained with complete 
accuracy. 

Abroad, stationary testing plants have been 
at work since 1895, and in particular the 
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Pancras—Leeds 
Route, miles ... .-.| .-Euston-Carlisle and return ; Euston—Glasgow, 402 | Glasgow | Glasgow and return; 196, 
300, each way | and return ; |and return ; each way 
| | 402,each | 244, each 
way | way 
> pe horned ithe th eager a A | B c Bakelite aorta G Be oie See” fin ge ten 
Engine No. 5917 6158 | 6210 6202 | 6225 | 6220 | 6234 5067 | 5079 
= aes, cecil Feere to eo Sh Pre Mbelh a 
Class 4-cylinder 3-cy linder | ‘+ 6-0 4-cylinder 4-6-2 4 cylinder 4- 6 2 2. 2-cylinder 4-6-0 
| 4-6-0 “Royal Scot ” ; 6- 6 Turbo- 4 ‘Coronation ” mixed traffic 
“Claughton” ;| principal express ** Princess | motive ”’ ; |-— —_——_—__—— _ Saeed 
i} principal type 1927-33 Royal ”’ ; | built 1935 Light Toad [ Normal Maximum | I4-element | 21- element 
| express type : introduced | ** Coronation load superheater ; | superheater ; 
| 1913-27 Low High 1933 ' Scot ” load approx. approx. 
mileage mileage | and timing steam temp. | steam temp. 
500 deg. F. | 580 deg. F. 
Milessince last piston and valveexamination 12,506 6,480 22,770 1,718 — 3,502 220 20,733 20,600 sia 4,622 : 
Miles since last heavy repair figs 12,506 6,480 92,270 98,977 102,915 3,502 29,788 50,107 20,600 4,622 
Average weight of train, tons es oe 440 440 522 485 | 232 331 604 292 292 
Average running speed, m.p.h. eos eee 51-2 52-1 52-1 | 52-0 55-0 59-2 _ 60-4 55-2 51-9 50-9 
— —_— | os -|-—-— |__| —_— ie ee 
Coal consumption— ; } 
Ib. per mile ie ee 46-6 37-1 39-3 45-0 41-6 | 28-2 39-2 68-7 49-5 43-7 
lb. per ton-mile (including engine) 0-101 0-066 0-069 0-068 0-067 | 0-073 0-080 0-091 0-098 0-085 
Ib. per drawbar H.P.-hour ... ... 5-03 3-25 3-50 2-98 2-78 | 3-32 3-03 3-12 3:97 3-32 
Ib. 5 ee square foot grate pork hour 79-2 62-4 65-1 62-2 50°7 33-4 47-3 75-7 74:1 63°6 
Water « consumption— | | % a 
gallons per mile 32-1 30-3 33-1 37-3 SS ee 26-7 32-3 52-1 38-2 32-8 
Ib. per drawbar H.P.- oer... } 34-5 26-5 29-5 24'7 34-8 31-6 25-0 24-1 30-6 24-3 
Evaporation, lb. water per lb. coal ... 6-9 8°15 8-41 8-30 8-93 9-51 8-24 7-74 7-72 7-49 
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stand that this locomotive has now_ been 
withdrawn from service. 

Locomotive Testing—In England a large 
volume of testing has been undertaken on the 
road under service conditions at variable 
speeds. This form of testing can be carried 





§ This engine was described and illustrated in THE 
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ing individual comparisons :— 
(1) An indication of the ‘effect of 
mileage on efficiency (columns B and C). 
(2) The “‘ Turbomotive ” as against the 
nearest comparable reciprocating engine. 
(3) The ‘‘ Coronation ” engine with light 
and heavy loads, showing a wide range of 
economical working. 





Pennsylvania Company’s plant at Altoona 
has, through its published bulletins, had a 
considerable influence on British design. 
The stationary plant erected by the Great 
Western Railway at Swindon in 1905 has 
provided useful data for the design of engines 
on that railway, but is of limited capacity. 
Sir Nigel Gresley, in his paper before the 
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Institution in 1931,|| reviewed the progress of 
such plants up to that time, and also made a 
strong plea for a similar plant in this country, 
to take the largest engines. Realising, as he 
did, that no test results obtained under 
different conditions abroad with locomotives 
having widely different characteristics from 
our own, could be any real substitute for our 
tackling this problem ourselves, he- persisted 
and eventually triumphed. The plant, as a 


it is possible to hold more than one view. It 
may be argued, for example, that when the 
curve relating efficiency to power output can 
be made flat enough, then scientific train 
loading will offer no advantages within very 
wide limits, since the locomotive’s best effici- 
ency will be available over a wide range of 
speed and load. Indeed, in this possibility is 
contained the steam locomotive’s main 
potential advantage for railway traction, as 











FiG. 7—TeEstT PLANT AT RUGBY: OUTSIDE 


joint enterprise between the London and 
North-Eastern and London Midland and 
Scottish Railways, was authorised and its 
construction was begun before the war, and 
although it will not be completed during 
hostilities, you may be interested to see in 
Figs. 7 and 8 the present state of the building. 

The second method of approach to which 
I have referred carries the matter a stage 
beyond the consideration of thermal effici- 
ency alone. It is necessary to couple that 





Fic. 8—-TEsT PLANT AT RUGBY: INSIDE VIEW 
OF PRESENT STAGE OF ERECTION 


efficiency with actual operating conditions, 
and this is an aspect of the matter which can 
only be truly evaluated on the road. I refer 
particularly to the possibility of modifying 
train loads and schedules so as to ensure that 
the engines are always working as nearly as 
possible at their condition of maximum effici- 
ency. This is a fascinating subject, on which 





ViEW OF PRESENT STAGE OF ERECTION 


against diesel and electric prime movers 
which, for maximum efficiency, are required 
to work within much closer preordained 
limits. 

In plain fact, however, while the curve for 
a modern steam locomotive is flatter for than 
alternative forms of power, there is none the 
less an optimum rate of working and to 
explore the application of this factor to traffic 
conditions is also a matter for experiment. 
Once again a great amount of useful data has 
been built up from variable-speed dynamo- 
meter car tests. Such tests, for example, 
have formed the basis of the working 
schedules for the “‘ Coronation Scot ”’ train, 
and the Midland Division accelerations of 
pre-war days. To investigate this aspect 
more closely, however, it is proposed, by 
means of constant-speed testing on the line, 
to build up characteristic curves of the most 
economical performance under every con- 
dition of working for each class of engine, 
much as is done as a matter of course in the 
case of electric traction. 

The use of the brake locomotive to main- 
tain constant speed over the test run was 
initiated by Czeczott in Poland in 1923. It 
has been widely developed in France and 
Germany and was introduced into this 


London and North-Eastern Railway. Instead 
of using an old steam locomotive for the 
purpose, it is proposed on the London 
Midland and Scottish Railway to use elec- 
trical braking vehicles known as mobile test- 
ing units. These units are akin to electric 
motor coaches, except that the motors act 
as generators. The current generated as they 
are hauled by the engine under test is dissi- 
pated through large air-cooled resistances. 
Any desired constant speed is maintained, 
irrespective of gradient, by an automatic 
control of the generator output. The advan- 
tage of this method over the brake locomo- 
tive as used on the Continent is that it gives 
a very much closer speed control, which can 
be set from a panel in the dynamometer car ; 
and, in addition, the electrical units can 
operate in the highest speed range, where a 
brake locomotive might be expected to 
encounter mechanical troubles. 

The testing unit consists of three vehicles 
which can be used singly or in combination, 
according to speed and load requirements. 
Fig. 9 gives an impression of one of these 
units. 

I have dealt at some length with thermal 
efficiency, because its importance is often 
misunderstood. It is true that fuel cost is 
only one of many operating costs, and that 
even a 20 per cent. saving in coal on an indi- 
vidual engine or a small class of engines does 
not represent very much in hard cash. For 
this reason, an almost defeatist view is some- 
times taken that it is hardly worth trying to 
improve steam locomotive efficiency. It may 
be conceded that the production of one or two 
special locomotives may not have much 
immediate influence on a railway company’s 
earnings ; but, as against this, if all the loco- 
motives on the London Midland and Scottish 
Railway could be made to work at the effici- 
ency of the best, provided it was feasible to 
make the necessary changes in design and 
in operating conditjons, the saving would be 
of considerable magnitude, and it would be a 
goal worth striving for. 

Operating Efficiency—The locomotive is 
most efficient from an operating point of 
view when it combines maximum availability 
with minimum maintenance costs. In the 
first of these terms four conditions are 
included :—(1) That the engine should be 
available for use, free from necessity for 
servicing, and without breakdown, for the 
greatest number of consecutive hours; (2) 
that the time required for the routine inspec- 
tion and servicing, and the time spent in 
repairs, should be a minimum ; 
(3) that the engine should run the longest 
possible mileage between shop repairs ; and 
(4) that the days spent under shop repair 
should be a minimum. Maintenance costs 
are dependent on each of the foregoing con- 





country by the late Sir Nigel Gresley, on the 


ditions. They are also affected by design, 











|| Gresley, H. N., 1931, Proc. I. Mech. E., Vol. 121, 
page 23, ‘* Locomotive Experimental Stations.” 
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metallurgy, machine tools, and, above all, by 
organisation. 

Let us consider the present position under 
some of the above headings in which mecha- 
nical engineering has played its part. A 
modern locomotive is capable of the follow- 
ing availability, provided traffic conditions 
permit :— 


(1) Hours of continuous running 
without taking on fuel ... 
(2) Days of continuous working 
without shed examination 
orattention ... ... ... 8 
(3) Hours required in shed for 
boiler washout, standard 
examinations, minor re- 
Ee Reeth PRR PT FR 
(4) Mileage between piston and 
valve examinations at 
nn NS GE 2 SEERA Po 
(5) Hours required for examina- 
tions in item (4) won OES 
(6) Mileage before wheels and 
axle-box require attention, 

light repair 
(7) Mileage before boiler requires 
major repair, heavy repair 


18-24 


40,000-45,000 


24-48 
Average, 70,000 
Individual cases, 

100,000 
Average 150,000 
Individual cases, 

250,000 
(8) Days in shops for heavy re- 

RE aie REDS ESE: 

As an example of the first two items, 
** Pacific ” locomotives were, before the war, 
rostered to take the 10 a.m. from Euston 
through to Glasgow, arriving at 5.40 p.m., 
and then to return with the 10.45 p.m. the 
same day from Glasgow, through to Euston 
again ; continuous runs of 7? and 8} hours 
respectively, with an interval of 5 hours for 
train disposal, running to shed for coaling 
and ash disposal. The mileage of the round 
trip was 804. Similarly, large numbers of 
engines were rostered to leave their home 
sheds for six to eight days at a time, working 
passenger and freight trains indiscriminately 
and continuously, and changing crews at 
intermediate points as required. 

Boiler washouts and fire-box examinations 
calling for 18 hours out of service during 
every 12-16 running days, in the case of 
modern high-pressure boilers, is admittedly 
the weak link in the steam locomotive’s 
availability. This particular point requires 
much thought, and although water treatment 
and improved design, material, and repair 
methods are each contributing to its better- 
ment, more must yet be achieved. 

The piston and valve examination is the 
major routine reconditioning which has to be 
undertaken, at running sheds. Old satirated 
steam engines with slide valves require this 
service every 10,000-12,000 miles, whilst 
piston valves formerly required attention 
each 20,000-24,000 miles. Attention to the 
design and manufacture of these components, 
coupled with improved lubrication and 
improvement of valve events to obviate the 
sucking of hot gases down the blast pipe, 
have doubled this mileage in recent years. 

Improyements in constructional materials, 
and in workshop methods and organisation, 
have likewise contributed to the high mileages 
now being obtained between shop repairs. 
Inso far as the condition of the boiler controls 
heavy repairs, the quality of water has a 
decisive influence and justifies the large 
schemes for water softening undertaken by 
certain companies in recent years. 

The number of days spent in shops has 
been more than halved in the last ten years, 
mainly as @ result of two major steps in shop 
organisation. First, boiler design has been 
standardised and a sufficient stock of spare 
boilers provided, so that an engine under 
repair no longer has to wait for its own boiler 
to be put back. Secondly, repairs are 
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organised in successive stages, bringing the 
engine to specialists men and specialist 
machines at each stage of the repair. As a 
result, only 4} per cent. of the 7500 engines 
of the London Midland and Scottish Rail- 
way are unavailable at any one time, by 


Here again, in operating (as in thermal) 
efficiency, the older designs in certain respects 
fall below the standard of attainment of 
modern designs. In other respects, however, 
they show to advantage. They are cheaper 
in first cost and are also often cheaper in 
repair costs per locomotive. The modern 
locomotive has to pay for its greatly improved 
performance by more expensive design and 
construction, but per unit of work done it 
would be found to be cheapest, even although 
per locomotive unit it may be more expen- 
sive. It is necessary to keep a sense of pro- 
portion in this matter, and if too narrow a 
view is taken, it is possible to cling over-long 
to old designs of low thermal efficiency for the 
sake of low costs which are more apparent 
than real. On the other hand, many promis- 
ing designs intended to give improved thermal 
efficiency have been doomed because they 
lagged far behind the current standard of 
reliability. It is essential for the two kinds 
of efficiency to march together ; and, indeed, 
operating efficiency becomes even more 
important in engines of high thermal effici- 
ency, in order to counteract the capital 
charges on the increased capital cost. 

The engineering section of the London 
Midland and Scottish Railway research 
department have carried out some very inter- 
esting experiments utilising the cinemato- 
graph camera to obtain pictures of certain 
phenonema, and I will here refer to the results 
of two of their investigations. [Two cine- 
matograph films were exhibited to illustrate 
these tests.] 

The first is the result of an examination 
made to determine the contour of a carriage 
wheel which would prevent side oscillation 
caused by the wheel wandering from side to 
side on the top of the rail. A coach was fitted 
with a periscope and a light, near rail level, 
so that photographs of the flange of the wheel 
and the rail head could be taken when the 
coach was running. Tests were made, with 
wheels turned to the standard tyre contour, 
coned to a taper of 1 in 20, and with varying 
contours including wheels with a cylindrical 
tread. 


cylindrical wheel gave the best results, when 
the flange touched the rail it tended to stay 
there until running through points or round 
@ curve moved it away. This caused unneces- 
sary flange wear. The result of the experi- 
ments was that a tyre contour with a cone 
of 1 in 100 was found to give the most satis. 
factory results, and was adopted for all main 
line stock. 

The second example was to examine the 

effect of different proportions of counter. 
balancing in locomotive driving wheels, and 
to find the effect of hammer blow at high 
speed. A 4-6-0 engine, with 6ft. driving 
wheels, was selected and run on a track which 
had been well greased so that the wheels 
could be run, by excessive slipping, to a speed 
representing 110 m.p.h. With the conven- 
tional proportion of reciprocating weight, 
balance of 66 per cent., the wheels lifted 
from the rail an appreciable amount. When 
the reciprocating balance weight is reduced 
to 30 per cent., there is no discernible lift 
when the wheels are revolving at high speed, 
but for various reasons 50 per cent. of the 
reciprocating masses have been balanced on 
this class of engine. This is an interesting 
phase, and will be more fully dealt with, | 
hope, at Institution meetings during the 
coming session. 
The foregoing section of my Address 
attempts to draw a picture of the position of 
the locomotive as it is in this country to-day. 
It is possible only to dwell on the “ high- 
lights,” and much of the detail, interesting 
as it is, has had to be left out. To some 
extent the cross-roads have been reached. 
After a long period of slow development, the 
steam locomotive has shown increasing 
vitality in recent years. Its development has 
so far held in check the general advance of 
electric and diesel traction. The problem 
will eventually be choice between further 
improvement in steam or its gradual super- 
session by other forms of motive power ; 
and in this connection exceptional judg- 
ment will be called for in directing the 
motive power policy of our railways in the 
future. 





It is interesting to note that although the 


(To be continued) 








HROUGHOUT the industries of Great 
Britain there are now many types of elec- 
trical apparatus bearing a label or inscription 
denoting certification as to flameproof enclo- 
sure. Who put it there, and why? Who is 
interested in it ? The purpose of the following 
notes is to answer these questions so that any- 
one who is concerned with the use of electrical 
apparatus in places where there is a risk of 
explosion of inflammable gas or vapour in the 
surrounding atmosphere may know about the 
marking, how it is obtained, and how the pro- 
tection associated with it can be maintained. 
The term “certified flameproof enclosure ” 
denotes an enclosure of a type which has been 
tested with a specified inflammable gas or 
vapour, to prove that the construction is strong 
enough to withstand the force of an internal 
explosion and that the details of the design are 
such as to prevent flame from the internal 
explosion reaching the atmosphere outside the 
enclosure. The performance required from the 
flameproof enclosure of electrical apparatus is 
defined in British Standard Specification No. 








reason of shop repairs. 








* Testing Officer, Mines Department Testing Station, 
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229-1940, and this specification prescribes 
also those features of design and construction 
which are considered to be essential or desirable. 
It is important to observe that the condition of 
flameproofness, as defined in B.S. 229—1940, 
is subject to three material reservations. These 
relate to (i) the strength of the structure and 
any designed openings therein being appro- 
priate to the particular inflammable gas or 
vapour for which it is intended ; (ii) the use of 
the apparatus within the limits of its rating and 
the provision of means to interrupt the circuit 
elsewhere if a severe short circuit should occur 
within the enclosure ; and (iii) due attention 
being paid to maintenance of the enclosure in its 
designed condition at all times. 

The recognised testing authority is the Mines 
Department of the Board of Trade, and the 
certificates are issued in the name of the 
Secretary of Mines. To facilitate identification 
of certified flameproof electrical apparatus, it 
carries a mark, which is registered under 
Sec. 62 of the Trade Marks Acts, 1905 to 1919. 
The mark consists of the outline of a crown, 
with the letters FLP therein, and its use is 
permitted only under licence from the Mines 
Department. The FLP mark denotes that the 
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apparatus is of a type certified as regards 
flameproof enclosure, and is constructed and 
manufactured in accordance with the certified 
drawings attached to the certificate or subse- 
quently approved for association therewith. 
The use of the FLP mark is in addition and not 
an alternative to any other markings required 


by the conditions of certification. The latter 
includes the manufactuer’s name, the type 
designation of the apparatus, the number of the 
certificate and the group number indicating the 
gases or vapours covered by the certificate. 


THE MARK AND THE TESTING AUTHORITY 


The responsibility undertaken by the testing 
authority is limited by the terms of the certi- 
ficates issued, as follows :— 


“This certifies that the flameproof enclosure 
of @ type ......... unit has been examined and 
tested at the Mines Department Testing 
Station, Buxton, and that with respect to 
inflammable atmospheres containing gases or 
vapours in Group(s) it complies with 
the definition of flameproof enclosure in British 
Standard Specification No. 229—1940, under 
the conditions described in the test report 
which has been supplied to Messrs ............... 
and Co., Ltd.” ¢ 

Flameproof electrical equipment covered by 
a certificate in these terms will properly be 
regarded with confidence by the user. It is 
necessary, however, to point out that the manu- 
facturer and the user also have responsibilities 
if the FLP mark is to be relied upon as evidence 
that the apparatus is, in fact, safe for use within 
the scope of the appropriate conditions of 
certification. The manufacturer must check 
and control the materials used, and the 
assembled product so as to ensure that the 
qualities of the model submitted for examina- 
tion and test are maintained in every part and 
unit marketed by him. The user must keep the 
apparatus in its designed condition, and to do so 
he must have regard for the consequences of 
wear and tear and for the proper use of the 
apparatus within the limits for which it was 
designed. Some of the details involved in 
these implications are mentioned in the later 
sections of these notes. 

As already stated, the responsibility of the 
testing authority is limited to certifying, on the 
basis of type test on an example submitted by 
the manufacturer, that equipment of specified 
design complies with the definition of flame- 
proof enclosure in B.S. 229—1940. The testing 
authority will not, however, accept any and 
every article for test, nor will it certify any or 
every article merely on its ability to pass the 
prescribed tests. The testing authority seeks 
to secure minimum standards of quality by 
asking for a declaration of general compliance 
with the structural requirements of B.S. 
229—1940, and also with the requirements as 
to rating and performance in the B.S. specifica- 
tions relevant to each class of apparatus. It 
will be seen that, heavy as is the responsibility of 
the testing authority, it does not act arbitrarily 
but endeavours to obtain agreement through 
the medium of the British Standards Institution 
on which all parties concerned are represented 


Toe Mark AND THE MANUFACTURER 


The FLP mark is put on flameproof appa- 
ratus by the manufacturer, to whom it repre- 
sents the culmination of much study, experi- 
ment, and inventive effort in the development 
of the design and the making of the article. 
He may put the mark only on apparatus that 
is identical with the model which has been 
examined, tested, and certified by the testing 
authority. If he wants to make any material 
change in design later, he must have the varia- 
tion covered by a supplementary certificate or 
equivalent document of approval before he has 
a right to apply the mark to the modified 
apparatus. 

The manufacturer’s reputation is involved 
so long as apparatus supplied by him is in use 
carrying his name and the FLP mark. He is 
concerned therefore that the design shall be 
such as to withstand reasonable usage, whether 
in mine or factory, bearing in mind that in a 
mine reasonable usage may connote a certain 
amount of rough handling. This is a serious 


*| smallest detail during installation and subse- 


can do, by co-operation with the user, to ensure 
correct installation and use of the equipment, 
and the proper carrying out of repairs and 
replacements, will certainly be of service in 
maintaining the integrity of the FLP mark. 

It is important that the FLP mark on a 
certified unit shall be permanent, and this 
applies also to the associated certification 
details. The plates and inscriptions with cast 
lettering should be recessed below the surface of 
the casing wall or cover, and they should be 
placed in a suitable position. This is particu- 
larly necessary in the case of apparatus to be 
used in coal mines where, by nature of the 
service to which the apparatus is put, markings 
that project may be inadvertently ripped off 
or defaced. 


THE MARK AND THE USER 


The degree of responsibility resting on the 
user of electrical apparatus certified as to 
flameproof enclosure is as great as, if not 
greater than, that resting on the testing autho- 
rity and the manufacturer. In the first place, 
the user has to decide when and where to install 
certified flameproof apparatus, having regard 
to statutory requirements and considerations 
of safety. If there is any doubt as to the need 
for flameproof apparatus, he should aim at 
being on the right side. The user, and the 
purchasing agent, if one is employed, must 
understand the difference between apparatus 
certified as to flameproof enclosure and appa-~« 
ratus not so certified, and also the implications 
of the certification scheme, Thus he must 
understand also that when, later on, repairs or 
replacements are needed, he must consult the 
manufacturer concerned so as to be sure that 
the repair or replacement is within the scope 
of the certificate. 

Having obtained certified flameproof equip- 
ment the user must realise that responsibility 
for the maintenance of its flameproof charac- 
teristics devolves on him. The term “user” 
at once assumes a wider significance, involving 
organisation and grading of personnel to ensure 
that the certified apparatus is installed, pro- 
tected, worked, and maintained in a manner 
which will not impair the validity of the 
certificate. In order to emphasise the import- 
ance of this point, reference can be made to 
the qualifying notes appended to the Definition 
of Flameproof Enclosure in B.S. 229—1940, 
under the headings “‘ Control of Circuit ” and 
“* Maintenance of Structure.” The user must 
understand that a motor or a switch, if over- 
loaded to destruction, is not protected by the 
FLP mark, that the condition of flameproofness 
depends upon maintenance of the structure in 
its designed condition, and that ignorant or 
careless assembly may make the apparatus 
unsafe. 

The electrician takes over the apparatus as a 
flameproof entity, with access covers, operating 
mechanism, and cable attachments in accord- 
ance with the certified design. He must under- 
stand that the apparatus as received at the mine 
or factory has had a lot of attention from both 
the manufacturer and the testing authority, 
and he must endeavour not to overlook the 


quent inspections. There will be cable-sealing 
boxes or conduit stopper boxes to be filled with 
compound, and they must be properly filled to 
accord with the intention of the designer and 
cable maker, who, in turn, have had to meet 
certain regulations and specifications. There 
may be @ warning or instruction on a cover 
plate, ahd compliance with this must be 
accepted as an integral part of the scheme of 
approval under the FLP mark. He must 
understand also that if components different 
from those in the original design are used for 
replacements, the apparatus ceases to be of 
certified design. It is the duty of the manu- 
facturer to submit any variation in design to 
the testing authority and to obtain a supple- 
mentary approval, following which there must 
be an agreed method of procedure in applying 
the alternative to apparatus in use. In the 
case of new apparatus, the manufacturer will 
supply the modified equipment, if required, as a 
variation of the original design. 

The operator or machine man has a real 





consideration and anything the manufacturer 





of safety usually affects him and his mates 
more closely than others. He can help to 
retain the safeguard implied by the FLP mark 
by avoiding careless handling and tampering, 
and by promptly reporting any apparent 
defect, however small. In the certified design 
every bolt is in place, every spindle and shaft 
has a correct fit, joint surfaces have been 
accurately machined, and proved to be close 
fitting, and in many instances there will be 
interlocks to provide a correct sequence of 
operation. Thus it will be foolhardy to attempt 
to keep the certified apparatus in service unless 
exactly the right parts are fitted and used in just 
the right way. 

These notes have been compiled in an 
endeavour to show that the significance and 
value of the FLP mark on electrical apparatus 
depend on a scheme of co-operative and collec- 
tive responsibility. It is the duty of all con- 
cerned to further the maintenance of this 
scheme, to be confident in the scheme and the 
apparatus it produces, and, in the use of the 
apparatus, to avoid the familiarity which may 
breed contempt of the safety measure which the 
scheme affords. 








Sixty Years Ago 





ALEXANDER McDoNnaLp 


In our issue of November 4th, 1881, we 
recorded the death of Mr. Alexander McDonald, 
one of the country’s best-known labour leaders 
of those days. He was born in 1821. His 
father was a miner in the Hamilton district of 
Scotland and in accordance with the practice of 
the times, young McDonald, as soon as he was 
able—actually when he was little more than 
seven years old—was taken down the pit to assist 
in his parent’s laborious operations. As he grew 
he developed strong natural abilities and con- 
trived to save sufficient money to pay for his 
classes at Glasgow University. The education 
which he thus received enabled him to ‘adopt 
the profession of a schoolmaster, but he did 
not remain long in that calling. He was induced 
to devote himself to improving the condition 
of the mining population of the district, a task 
for which the hard experiences of his tender 
childhood years qualified him. His views were 
by some considered extreme and the opinions 
which he expressed regarding the conduct of the 
employers were not always carefully worded. 
But he had the well-being of the miners at heart 
and for forty years he laboured to raise them 
from the condition of degradation and slavery 
which they occupied in his early days. For 
many years he acted as Secretary to the Scot- 
tish Miners’ Union, and on questions of labour 
and wages the men almost invariably accepted 
his advice. He strove to induce members of 
Parliament to seek a reform in the labour laws, 
and at the General Election in 1874 he put 
himself forward as candidate for the repre- 
sentation of Stafford. He succeeded at the 
polls and duly entered Parliament, where he 
was ever active in promoting reforms. In his 
later years he became President of the Miners’ 
National Union of England. 








RIvER TRANSPORT IN WEstT Carna.—In its August 
issue the Far Eastern Review published an illuminat- 
ing and informative article on developments in 
Western China. Among other matters, it was 
pointed out that with the experience gained in the 
construction of ship locks in the Hwai River and 
Grand Canal in Northern Kiangsu and Anhwei, 
the Hwai River Commission of the Ministry of 
Economic Affairs is now improving the Chi and Wu 
rivers in Szechuen and Kweichow. Increased trans- 
portation capacity of these two waterways means 
more coal and iron ores from Szechuen iron and steel 
industries. The Chi River, which flows from 
Tungtze in Northern Kweichow through Chikiang in 
Southern Szechuen to meet the Yangtze at Kiangt- 
sing, west of Chungking, is being canalised by the 
construction of overflow dams, ship locks, and 

kes. The total expenses incurred in the first 
stage of the Chi River improvements exceeded 
2,600,000 dollars. However, a trip upstream, 
which formerly required one month, now takes only 





interest in the FLP mark, because the question 
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THE RUSSIAN AIR FORCE 


INFORMATION concerning the size and 
quality of the Russian Air Force is scanty, 
and such as is available is derived to a con- 
siderable extent from German and Italian 
sources. On the whole, if we are to believe 
those sources, Russia’s air fleets are neither 
overwhelmingly numerous nor equipped with 
aircraft of fully modern types. It is true that 
neither in Spain nor in Finland did the Soviet 
machines give a very impressive account of 
themselves. Nevertheless, later events speak 
clearly for themselves. For nearly five 
months Russia has had to bear the onslaught 
of Germany’s might on land and in the air. 


able—number of fighters retained in the 
West and elsewhere to meet the attacks of 
the R.A.F., the enemy has hurled against our 
ally all the aircraft at his disposal. While he 
has succeeded in overrunning large stretches 
of territory, he has failed to achieve the 
destruction of the Russian armies, and on 
repeated occasions those armies have 
managed to escape from or break out of very 
threatening positions. It may be taken for 
granted that no armies could have fought so 
long and so intensely against an enemy 
possessing the aerial equipment which Ger- 
many has at her command unless they them- 
selves had an air force comparable in quantity 
and quality with that of their attackers. 
Had the Soviet strength in the air been as 
markedly inferior to that of the Germans as 
some would have us believe, it is incon- 


7| ceivable that the Battle of Russia could have 


lasted as long as it has done or been waged 
with so much sustained fierceness. Even 
Hitler has admitted that Russia’s strength 
as a fighting power has proved greater than 


21}he anticipated. The conditions of modern 


warfare are such that we must interpret that 


infantry, a fully equipped artillery, and an 
efficient tank corps could not have sustained 
the German onslaught in a manner justifying 


7 Hitler’s admission unless it had been backed 


up by an air force equally courageous, 
equally well equipped, and equally efficient. 
Comment has frequently been made and 
considerable surprise has been expressed con- 
cerning the apparent success with which the 
Soviet Government has succeeded in convert- 
ing the backward, largely agricultural Russia 
of Tsarist days into a country of large indus- 
trial undertakings rivalling in its output of 
raw materials and finished products those 
countries which began their industrial 
development a good century earlier. Such 
comment and surprise are perhaps founded 
to some degree on an inadequate apprecia- 
tion of the extent of Russian industry before 
the Revolution. The collapse of Russia in 
1917 was brought about far more by mis- 
management and corruption in high quarters 
than by inadequacy of technical resources. 
The Russian peasant of those days may have 
been largely destitute of mechanical instinct, 
‘but it cannot be denied that during last 
century Russia produced a number of famous 
chemists, physicists, engineers, naval archi- 
tects, and metallurgists. These men and their 
work provided the nucleus on which the 
Soviet Government built, and the very fact 
that the country was not highly indus- 
trialised when that Government came into 
power undoubtedly helped it in its schemes 
for establishing throughout the country vast 
modern mass production factories. The 
ground was unencumbered and ready for 
exploitation in the light of the practice and 
experience of nations with an older indus- 
trial history. British, American, and German 
engineers helped materially to establish the 
new order in Russia’s industrial life, and with 
commendable wisdom the leaders of the 
Russian people sought to follow the practice 
of their preceptors rather than to establish 
at the outset an independent technique and 
a characteristically Russian school of design. 
In that respect they but followed the 
example set by Japan in the middle of the 


remark as being all-embracing. A courageous | two 


so far as aeronautical manufacture was con- 
cerned, this policy was initially particularly 
well marked. Of the earlier Soviet fighters. 
the 115, used in Spain and Finland, bore « 
close resemblance to the French Breguet 
design, while the I 16 showed clear signs of 
American influence, and was driven by a 
Wright “ Cyclone ’”’ engine, built in Russia 
under licence. A later type of fighter, the 
I17, is patterned on the Supermarine 
“* Spitfire,” and is driven by a native version 
of the French Hispano twelve-cylinder engine. 
In the design of bombers, the Russians at 
first showed an inclination to develop along 
lines of a more independent nature. They 
paid close attention to the multi-engined, 
heavily armed giant bomber, thereby, it may 
be noticed, anticipating developments which 
have recently occurred in this country and 
America. Since 1937, however, they have 
moved in the direction of high-speed medium 
bombers, with twin engines. One of their 
best known aircraft: of that type is the 
ZKB 26, a bomber bearing a considerable 
resemblance to the American Martin 139 
aircraft and driven either by two Hispano or 
“Cyclone ”’ engines of native produc- 
tion, or in a later version by Gnome-Rhéne 
1000 H.P. engines, built under licence. Of 
the most recent Russian productions, the 
MIG 3 fighter and the “ Stormovik’’ dive- 
bomber recently mentioned by Lord Beaver- 
brook, insufficient information is at present 
available to enable us to say with certainty 
what their origin has been. It seems, how- 
ever, probable that they have been derived 
to a considerable extent from the British 
‘ Hurricane ”’ and the German Junkers dive- 
bomber respectively. 

In recording these facts we have not the 
least intention of minimising the credit which 
Russia deserves for the tremendous effort 
which she has put forth since 1918 to estab- 
lish an extensive aeronautical industry 
within her boundaries. To develop the 
means of production was by itself asufficiently 
great task without complicating it by seek- 
ing to evolve independent designs. Research 
has not been wholly neglected. As early 
as 1918 a central research institute for aero- 
dynamics and hydro-dynamics was estab- 
lished, and in 1930 a corresponding institute 
for research on aero-engines was brought 
into being. In 1932 an organisation was 
created charged with the duty of testing and 
accepting the equipment produced by the 
factories. It is, however, in the concentra- 
tion on the means of production and the 
adoption with or without modifications of 
established foreign designs of aircraft and 
aero-engines that we may find the true 
explanation of Russia’s present power in the 
air. To what extent the efforts of the Soviet 
rulers have been successful in achieving this 
object may be judged from the fact that, 
according to information emanating from 
Russia, the number of people engaged in the 
aeronautical industry during 1940 was 500,000 
and that the output of aircraft of all types 
during that year was 12,000. When the war 
with Germany began, Russia is believed to 
have possessed between 6000 and 10,000 
military aircraft divided in the proportion 
of 40 per cent. fighters, 45 per cent. bombers, 
and 15 per cent. reconnaissance and naval 
air arm craft. Two-thirds of the country’s 
total strength was believed to be concen- 
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the Far East. To what extent the German 
invasion has crippled the Russian aircraft 
industry we do not know, but it would 
indeed be surprising if it were not consider- 
able. However, whether it be great or small, 
it is clearly evident that victory over our 
common enemy demands that the latest 
patterns of British and American military 
aircraft should be sent in large numbers to 
aid the Russians in their gallant struggle in 
the air and in the factories. 


Modern Locomotives 


SEVERAL pages of the brief subject-index 
of the Institution of Mechanical Engineers 
‘ Proceedings’ are devoted to references 
to papers, lectures, or discussions on 
features of locomotive design or operation. 
Very few years have passed since the 
formation of the Institution without some 
discussion of one facet or another of the 
subject. Yet it remains a fact that in all 
those many years no such broad survey of 
the design and operation of the locomotive 
as that presented by Mr. Stanier in his Presi- 
dential Address to the Institution of Mechani- 
cal Engineers on Friday, October 24th, has 
previously been attempted. Now that the 
Address has been read, it is possible to realise 
how much it was needed. Even locomotive 
men, if challenged, would have found it diffi- 
cult before its presentation to form any true 
picture of the real advances that have been 
made. There were too many obtrusive trees. 
Mr. Stanier has surveyed the wood. 

It is unfortunate that the Address, because 
it deals with a technical subject, will not 
have a wider publicity than the technical 
Press and the “‘ Proceedings ”’ of the Institu- 
tion afford. For it disposes at one blow of 
much of the uninformed criticism that has 
been directed against the railways for many 
years past, even by engineers themselves. It 
is a frequent plaint, for instance, that railway 
engineers have taken no notice of advances 
made in other spheres in the more economical 
use of material, the lightening of the whole 
structure by carefully analysing stresses, and 
that their preference is always for heavy solid 
design. There has perhaps been some truth 
in that criticism. Yet of the locomotive, Mr. 
Stanier says: ‘‘ In recent years the limits of 
allowable size in this country have almost 
been reached, so increase of power per unit 
of weight, which is one form of efficiency, has 
been called for and achieved.”’ The thermal 
efficiency of the steam locomotive has espe- 
cially been the butt for adverse comment. 
Yet criticism on that score would have come 
nearer to hitting the mark had it been pressed 
home fifty years ago. In the latter half of 
the nineteenth century, whilst advances were 
being made in other facets of railway opera- 
tion, the only improvement in thermal effi- 
ciency arose out of a slight increase in steam 
pressure. But at that time the railways had 
every excuse for being far more concerned to 
achieve reliability rather than high efficiency. 
Coal was cheap, so that a saving which seemed 
large when reckoned purely on the basis of 
the cost to the railways of coal was incon- 
siderable in relation to total costs. Moreover, 
owing to the lack of precise means of testing, 
it was difficult to confirm. Reliability was 
more important, and far easier to judge. 
Even when Churchward introduced designs 
that were in advance of those used elsewhere, 
there was not, and could not then be, any 


true realisation of the real merits of his 
engines. Only since the grouping of the main 
line railways and the general advance of 
locomotive design that followed upon it have 
the merits of Churchward been properly 
realised. To-day, thanks to the work that 
Churchward began, to the introduction, of the 
superheater, to the refinement of cylinder, 
valve, and general design, and to the more 
recent work of Chapelon, modern locomotives 
can achieve, according to a table in Mr. 
Stanier’s Address, the very creditable figure 
for actual engine cycle efficiency of 16-5 per 
cent. and the remarkably high figure of 84 per 
cent. for the ratio of actual to theoretical 
efficiency, a figure actually in advance of 
that obtained in stationary steam power 
practice ! 

The Address, which we are reprinting in 
our pages, covers a very wide field. It 
explains much that had not been clear, even 
perhaps to locomotive men _ themselves. 
More than all, it shows that however much 
truth there may once have been in the 
accusation of undue conservatism, it has lost 
force now. Research into locomotive design 
is now active. Mr. Stanier illustrated the 
locomotive testing station under construction 
at Rugby, which, but for the war, might have 
been in use by now. He explained modern 
methods of testing locomotives when running 
at speed and showed films illustrative of 
researches into the coning of wheel treads 
and the balancing of engines. A table in the 
Address shows that the ‘‘ Turbomotive ” has 
performed creditably in comparison with its 
more conventional sisters. We may note, 
too, that during the last ten years the 
number of days spent by locomotives in the 
shops has been reduced to one-half of what it 
was before. These are not the works of a 
partly moribund staff! Nor is there the 
slightest evidence of complacency with the 
results already achieved. Mr. Stanier calls 
the study of the “ possibility of modifying 
train loads and schedules so as to ensure that 
the engines are always working as nearly as 
possible at their condition of maximum 
efficiency ” a fascinating subject. He points 
to boiler wash-outs and fire-box examination, 
calling for eighteen hours out of service during 
every twelve to sixteen running days as the 
weak link in the modern steam locomotive’s 
availability. It may be claimed that this 
exploratory attitude of mind of locomotive 
design staffs is the product of the competition 
of road transport. What if it is? Maybe 
there is some truth in the suggestion. But 
something, too, must be credited to the effect 
of the grouping of the railways after the 
1914-18 war. ‘“‘ By bringing all kinds of 
locomotives into open competition which 
had never previously been compared on the 
same work, [it] threw into high relief those 
types which were inferior and made it possible 
to justify their replacement by more econo- 
mical units."’ The locomotive man may take 
heart of grace. The “steamer ”’ is likely to 
encounter fierce opposition when the war is 
over from oil engine and electric traction ; 
but on the evidence of its recent virility, its 
day is far from done. 


Paper for Armaments 


PapeER and cardboard enter largely in one 
form or another into the production of 
munitions. They find their chief uses, no 





doubt, as packing materials. But ina number 


of cases, far too numerous to catalogue, they 
are used actually in the manufacture of the 
article. Up to date a satisfactory yearly 
inflow to the munitions works has been 
obtained by calling for a voluntary economy 
of paper usage by the general public, and 
imposing a strict rationing scheme upon 
others. Now, however, a yearly supply 
increased by more than 30 per cent. is de- 
manded by Lord Beaverbrook, and 100,000 
tons of that increase is wanted immediately. 
To meet that need economies already made 
must clearly be maintained and where 
further economies can be achieved without 
suicidal sacrifice, they will have to be carried 
out. But it is abundantly clear that further 
economy alone cannot make up the amount 
demanded or any figure comparable with it. 
Other sources of paper supply as yet scarcely 
touched will have to be drawn upon. 

Fortunately, much of the paper required 
for munitions need not be of the high quality 
necessary for such purposes as newsprint. A 
call is therefore being made upon the house- 
holder and his wife to clear out the attic, 
the bureau, and the kitchen drawers, and to 
look over the bookshelves to see what paper 
they can find and what books they could do 
without. Industrial firms could greatly 
help by making a similar search. Corre- 
spondence may have been filed for so many 
years back that it is no longer of real value. 
Such letters can be made to perform a national 
service by selling them to a waste-paper mer- 
chant or asking the local council to collect 
them. A little thought, a little investigation, 
and a determination to “do it now,” may 
suggest and make immediately available 
other stores of paper. Catalogues, for 
instance, have a way of piling up, since it is 
not always easy to remember to throw out 
the older when newer issues come to hand. 
Ledgers, invoices, and receipts may have 
been kept so long that their usefulness has 
evaporated. What happens to old blue 
prints? As long as the original tracing is 
available, it is no sacrifice to give them up. 
There are, too, out-of-date reference books 
which could be sent away without undue 
inconvenience. Moreover, though we hate to 
have to make the suggestion, there is, too, 
the library. Books are friendly things that 
no one likes to lose. Even that despised 
book relegated to the lowest place in the 
darkest corner may have at some time, just 
for its little hour, more value than all the 
honoured classics on the middle shelf. But 
might it not be possible by the co-operation 
of librarians in each district to restrict each 
library more closely to those fields with which 
it is particularly associated, not only in order 
to effect an economy in the inflow of books, 
but to clear the shelves, now, of many of the 
less valuable volumes that are duplicated 
elsewhere ? 

Old reference books, old catalogues, 
old ledgers, invoices, and receipts, and 
the less important books from the library 
shelves all have some present value to their 
owners as records that are occasionally con- 
sulted. As they became older, were they 
kept, a very few might perhaps achieve 
significance as historical records ; but their 
slight present use and their remote chance of 
future value cannot be adequate to balance 
the nation’s wartime necessity. The need is 
very urgent. They will serve a more imme- 





diate and at least as valuable a purpose if 
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they are sent to a waste-paper merchant or 
collected by the local council. If, in addition 
to sacrificing such things to meet the imme- 
diate need for 100,000 tons, every firm takes 
care to salvage or re-use every scrap of paper 
or cardboard entering its works as packing 
or in whatever other form, we have no doubt 
that Lord Beaverbrook’s demand for more 
than a 30 per cent. increase will annually be 
provided. 


Fuel Economy and the Select Committee 


THE twenty-fourth report of the Select 
Committee on National Expenditure is 
mainly concerned with the country’s coal 
position, and the need for exercising economy 
in the consumption of coal, coke, gas, elec- 
tricity, and paraffin. On the whole, it must 
be considered a somewhat ineffective docu- 
ment. The report, while insisting upon the 
urgent necessity of exercising strict economy 
in the use of coal, gas, and electricity, recog- 
nises the difficulty of introducing and enforc- 
ing a fair scheme of rationing, particularly as 
regards gas and electricity. In addition to 
being difficult, such a rationing scheme would 
also be expensive to administer, and, in the 
case of gas and coke, a great reduction of 
consumption would have the unfortunate 
result of proportionately reducing the 
country’s supplies of by-products from which 
explosives and other essential munitions are 
made. In the case of electricity, the report 
points out that the boilers in large power 
stations are designed to burn a “ low grade ” 
fuel of little use for other purposes. That 
fuel, it says, is produced automatically in the 
mining of higher grade coal. It would there- 
fore entail an economic loss if, by the diminu- 
tion of our coal output, electric power stations 
were compelled to burn more expensive high 
grade fuel than the low grade for which they 
have been designed. In these circumstances, 
it is not surprising to find that the report has 
few recommendations to make. It hesitates 
to recommend the introduction of a rationing 
scheme, and places chief reliance on the en- 
couragement of voluntary saving. The only 
positive recommendation which it makes is 
that home broadcasting should be reduced, 
and, in particular, that the 8 a.m. news 
bulletin should be discontinued. The Com- 
mittee believes that “‘ substantial and needed 
relief to the demands on electric power 
stations’ would thereby be obtained. It 
would be very interesting to know on what 
data the Committee has reached this conclu- 
sion. Tostate a precise case, what percentage 
of the national fuel consumption would be 
saved if the B.B.C. reduced its home service 
programmes to, say, half their present 
length ? We would be surprised if, taking 
everything into consideration, the figure 
began with anything less than half a dozen 
noughts. Another point in the report on 
which we may express some curiosity is the 
statement that “1 ton of coal carbonised 
produces coke and gas equivalent in work 
value to 1} tons of raw coal.’”’ Interpreting 
“‘ work value ” in the widest way and allow- 
ing for the increased thermal efficiency of 
gas engines, gas fires, and gas-fired boilers, 
we still cannot reconcile this statement with 
our notions concerning the conservation of 
energy. Here, again, we would like to see 
the data on which the Committee has based 
its conclusion. ; 


Obituary 





WILLIAM WRIGHT MARRINER 


MaRINE engineers, not only in this country, 
but in many parts of the world, will learn with 
deep regret of the death at Halifax, Nova 
Scotia, on Wednesday morning, last week, 
October 29th, of Mr. William Wright 
Marriner, who was associated with Yarrow 
and Co., Ltd., both at Poplar and Scotstoun 
for over half a century, and was a director of 
the firm for many years. He had crossed the 
Atlantic on important business and died 
peacefully, at the age of seventy-three, as we 
feel he would have wished to have died, 
while actively engaged in service for his 
country and his firm. He was the son of the 
late Rev. J. S. Marriner, D.D., LL.D., and 
was born on December 3lst, 1868. He 
received his early education at the Bradford 
Grammar School, and after passing the 
examinations of the Oxford and Cambridge 
Schools Examination Board he attended for 
two years, from 1885 to 1887, the Yorkshire 
College, Victoria University, Leeds, now the 
University of Leeds, where he gained the 
Associateship in Engineering. He was 
selected by the late Professor Archibald Barr, 
then Professor of Civil and Mechanical Engi- 
neering in the Yorkshire College, as a pupil 
to Sir Alfred Yarrow, and served his appren- 
ticeship at the Poplar yard, both in the shops 
and the drawing-office. In 1893 he was 
appointed assistant manager of the works. 
Some of his early experimental work was done 
on the balancing of high-speed reeiprocating 
engines. It may be recalled that work was 
carried out by Alfred Yarrow in this country 
and by Dr. Schlick in Hamburg, and resulted 
in the patenting of the “‘ Yarrow, Schlick and 
Tweedy” balancing system. Using that 
system, it was possible to design and build 
four-cylinder high-speed engines with their 
reciprocating weights so proportioned as to 
eliminate vibration. In the “ Life of Sir 
Alfred Yarrow ”’ high tribute is paid to Mr. 
Marriner for his enthusiastic help, not only 
in this, but in other experimental work, in 
which, it is stated, his scientific attainments 
and practical knowledge greatly contributed 
to the success of the firm. Other experi- 
mental work which he assisted included 
the development of the Yarrow hinged flap 
for the propulsion of shallow-draught vessels, 
which superseded the side wheel and: stern- 
wheel types. He also played a prominent 
part in the introduction of the Yarrow water- 
tube boiler, and had the satisfaction of seeing 
it employed in naval and merchant ships, 
including in recent years some of the largest 
Atlantic liners. 

When Sir Alfred decided to move from 
London to Glasgow Mr. Marriner was 
entrusted with the making of exhaustive 
inquiries into the shipbuilding possibilities 
of various districts. In a section he con- 
tributed to the ‘“ Life of Sir Alfred Yarrow,” 
he wrote that in selecting the new site at 
Scotstoun all kinds of influences were taken 
into account. They included the existence 
of the measured mile at Skelmorlie for the 
trial of fast vessels. The factors favourable 
to this “mile” were dealt with in a 
paper delivered by Mr. Marriner before 
the Institution of Naval Architects on 
“Influence of Depth of Water on Speed,” 
which gained for him, in 1906, the Gold 
Medal of the Institution. Other con- 
siderations affecting the Scotstoun choice 
were the proximity of the works to the iron 
and coal districts, the good railway services, 
favourable rainfall conditions compared with 
other nearby districts, good foundations and 





suitable water conditions for launching. To 





these advantages were added the help 
afforded by Clyde shipbuilders and the far- 
seeing policy of the Clyde Navigation Trustecs 
and the municipal authorities. 

With the more adequate facilities avail- 
able at Scotstoun the size and power of 
destroyers were increased, work which 
inevitably brought its own problems on 
the engineering side. Such work included 
the design and control of superheaters 
and other important improvements in 
marine engineering with which he was 
closely connected. During the last war 
no less than twenty-nine destroyers left the 
yard between the declaration of war in 
August, 1914, and the Armistice on November 
11th, 1918, when several unfinished destroyers 
were stil] on the stocks. 

Shortly after the war in 1919 or there- 
abouts the destroyer ‘‘ Tyrian ”’ attained a 
speed within a fraction of 40 knots on the 
Skelmorlie measured mile, when fully equipped 
and loaded with fuel supplies sufficient for 
1000 miles. Much of the success of this and 
other vessels is to be credited to Mr. 
Marriner’s association with them. Mr. Marriner 
travelled extensively for the firm in various 
parts of the world, and not only did he have 
a sound engineering knowledge, but he also 
possessed keen business ability. He had 
wide interests in all that related to engineer- 
ing knowledge, and to travel with him, or to 
meet him after one of his long journeys, was 
always an inspiring and memorable pleasure. 
In the last few years he had the satisfaction 
of seeing large Yarrow high-pressure boilers 
installed in ships of the new Canadian Pacific 
programme and in liners of the Cunard White 
Star and Peninsular and Oriental Lines. 
He had a striking personality, which at once 
commanded respect and admiration, and his 
advice on marine engineering problems was 
eagerly sought after both in this country and 
in many countries abroad. 

He was an associate member of the Insti- 
tution of Civil Engineers and a member of 
the Institution of Marine Engineers, the 
Institution of Engineers and Shipbuilders in 
Scotland, and the Institution of Naval 
Architects, on the Council of which he served 
in 1916. He also served on the Technical 
Committee of the British Corporation 
Register of Shipping and Aircraft, and was a 
member of the Consultative Committee of 
Shipbuilders and Engineers appointed to 
confer with the Marine Department of the 
Board of Trade. A few years ago he left 
Scotstoun and came to live in London, which 
he made the centre of his activities and 
travels. He founded with his son, Engineer- 
Lieutenant George T. Marriner, R.N., the 
firm of Marriner and Co., which specialised 
in marine combustion problems and the pro- 
vision of modern refrigerating plant for ships. 
His death will be keenly felt by his many 
friends, not only as a great loss to the firm 
he served so long and well, but to the world 
of marine engineering as a whole. He leaves 
behind him a fine record, and those who were 
privileged to know him and to share his com- 
panionship will not only cherish the memory 
of a great engineer, but also a friend for whom 
all had a deep admiration and affection. 








Du Ponr Expanps.—The U.S.A. War Depart- 
ment has supplemented its contract with E. I. 
du Pont de Nemours and Co. for the construction of 
an anhydrous ammonia plant in Morgantown, West 
Virginia. The supplement brings the total esti- 
ma ed cost of the plant to 31-44 million dollars, of 
which 20-70 million dollars is for equipment. 
Trinitrotoluene, dinitrotoluene, and tetryl are also 
to be made at the smokeless powder plant which E. I. 
du Pont de Nemours are building at Sylacauga, Ala: 
be estimated total cost of the plant is 35-76 million 
dollars. 
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Underground Railways at Chicago, U.S.A. 


No. 


III 


(Continued from page 290; October 31st) 


Seer conditions on the subway routes, as 
determined by test pits, 50ft. to 100ft. 
deep and by 10in. core borings, include 5ft. 
to 10ft. of miscellaneous filling at the surface, 
and then a water-bearing sandy loam and 
silt, being the original surface material of 
the ground. Below this is a stratum of hard 
clay, which soon merges into the charac- 
teristic blue plastic ‘‘ Chicago clay,” 30ft. to 
50ft. thick, which then increases in density 
and hardness, and has a much lower water 
content. Below this again is bedrock, at 
depths of 70ft. to 120ft. Many large build- 
ings are founded on the rock, or on the hard 
clay just above it—known as “ hardpan ”— 
by means of concrete piers, 5ft. to 8ft. in 
diameter. Piers founded on the “ hardpan ”’ 
are belled out to a bottom diameter about 


and equipment, but the men entered and 
left the workings by a separate shaft con- 
nected to the drift. 

Tunnelling was carried on under sufficient 
pneumatic pressure to hold the soil and 
prevent caving or sliding, but the maximum 
pressure required was 15 lb. per square inch. 
As the excavation proceeded to the outside 
diameter, the roof was at once supported by 
arched ribs of rolled steel joists, outside of 
which was placed a lining of heavy sheet 
steel plates. Close behind this work came the 
placing of the concrete lining. 

The view of the heading in Fig. 6 gives 
an idea of the peculiar method of excavation 
developed for work in the plastic Chicago 
clay. The men use double-handled U-shaped 





draw-knives, with} which they cut out. great 


of their work, while those in Dearborn Street 
were started at the north end. A drawing 
of the shield construction is given in Fig. 8. 
Each shield was 24ft. 104in. in inside dia- 
meter and 19ft. 6in. in length, with a weight 


of some 225 tons. A hood projecting 5ft. 
in advance facilitated removal of obstruc- 
tions. Around the shield were twenty-four 
hydraulic jacks of 3ft. stroke, each with a 
capacity of 200 tons at 50001b. pressure, 
but the working pressures were much lower. 
After each 33in. advance or “ shove ”’ of the 
shield, the’ material within the cutting edge 
was removed at the front, and a 33in. ring 
of the steel tunnel lining was erected inside 
the rear or tail of the shield. This lining 
supports the soil and forms a brace or back- 
ing against which the jacks bear when driving 
the shield forward. Within this steel lining 
or shell is the reinforced concrete lining of the 
tunnel. 

In the view within the forward end of the 
shield, Fig. 7, men are shown in the six work- 
ing compartments behind the cutting edge. 
At mid-height is the counterweighted boom 





or jib for erecting the segments of steel 





FIG. 6—-EXCAVATING PLASTIC CLAY 


double that of the cylinder, in order to 
increase the bearing area. 

Although the plastic blue clay has a high 
water content, even up to 58 per cent. it is 
almost impervious to the passage of water. 
But it is sticky, and will flow when excavated 
unless it is adequately confined or sup- 
ported. This tendency to plastic movement 
or flow is serious in excavation work, as the 
pressure is great, and the movement may 
extend to considerable distances in the clay 
body. In test drifts, the flow was l?in. in 
twenty-four hours. Horizontal bracing was 
applied immediately after excavation, and 
all bracing was pre-stressed, so that it would 
have no deflection under load. 

Two methods of tunnelling, both under air 
pressure, have been employed in the subway 
excavation. In the method most generally 
followed, shafts 15ft. in diameter were sunk 
at convenient points—not in the streets or 
on the line of the tunnel—and were carried 
to a depth of 4ft. or 5ft. below the level of 
the floor of the tunnel. From the shaft, a 
drift was driven to the line of the tunnel, 
from which point headings were advanced 
ip one or both directions. The shaft serves 
for removal of excavated material or “muck,” 
and for taking in constructional materials 





Fic. 7—REAR 


“ sausages’ of clay. The knife is struck 
into the face of the heading and drawn 
through the clay for some distance in any 
convenient direction. Two men at the left 
are holding one of the “ sausages.” Mining 
or excavation is shown in progress on three 
benches, with the arch crown of the lining 
supported by posts seated on screw jacks on 
the top bench. 

Within the business: district, the central 
portion of which is commonly termed the 
“loop,” the soil is mainly the plastic blue 
clay already mentioned, generally wet, but 
varying from wet to dry. Since many large 
buildings have their foundations in or on 
this upper stratum of clay, any slide or move- 
ment of the soil resulting from tunnel excava- 
tion might have serious and far-reaching 
effects. On this part of the work therefore 
the excavation was carried on by the pneu- 
matic shield system, the cylindrical steel 
shields being pressed forward intermittently 
by hydraulic jacks as excavation proceeded 
at the open face of the shield. Four shields 
were used, two in each of the parallel twin- 
tube tunnels in State Street and in Dearborn 
Street. With each pair of shields, one was 
kept well in advance of the other. The State 





Street shields advanced from the south end 





VIEW WITHIN SHIELD 


lining. It will be noted that all the men are 
wearing “ hard hats,” strong but light, made 
of fibre and serving to protect their heads 
from blows or falls. Their use was com- 
pulsory, as a safety measure, protecting the 
men and reducing hazards of the work and 
the contractors’ insurance liabilities. 

Owing to the placing of a station just south 
of the Chicago River crossing of the State 
Street line, it was necessary to have the river 
tunnel at a shallow depth, since greater depth 
would have involved too steep a gradient 
between the tunnel and the station. The 
plan adopted here therefore was to build—in 
a dry dock—a steel hull or structure contain- 
ing twin tubes of steel plating, which were 
lined inside and out with reinforced concrete. 
This structure was 200ft. long, 40ft. wide, and 
23ft.deep. With its ends closed-by temporary 
water-tight bulkheads, and having a draught 
of 18ft. 6in., it was towed about 20 miles in 
Lake Michigan and up the river to its site. 

A trench had been dredged and concrete 
placed under water to form seats supporting 
the tunnel at its proper elevation, and upon 
these seats the structure was lowered by 
ballasting with additional concrete and con- 
crete blocks or kentledge. When finally 
settled in place it was covered with sand 
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filling and then with a blanket of clay 
brought up level with the river bed. Divers 
sealed the end connections within cofferdams, 
on each side of the channel and later on 
removed the bulkheads and connected the 
river tubes with the land tube approaches. 

This is the second Chicago River tunnel to 
be constructed in this way. The first was 
the La Salle Street tunnel for a street car 
line, built some years ago. At the crossing 
of the river by the Dearborn Street subway, 
_it was practicable to carry the line at such a 
‘depth as to permit of continuing the regular 
tunnelling procedure. 

As explained already, the shield process 
was adopted for part of the subway work on 
account of the soft clay stratum underlying 
the business district. Not only was the 
liability of the clay to flow into excavated 
spaces a potential darger to neighbouring 
buildings, but the presence of a network of 
sewers and public utilities, deep sub-base- 
ments, and the small tunnels mentioned, 
threatened difficulties in holdirg the air 
pressure in the headings. And such loss of 
interior pressure might lead to buckling of 
the sheet steel lining plates by the pressure 
of the clay. Furthermore, hand excavation 
at the face under such conditions would 
require bracing so much more substantial 
than that used on other parts of the work as 
to make progress slower than with the shield 
method. 

The tunnel lining placed in rear of the 
shield consisted of fin. plates, welded to ribs 
of T-shaped rolled sections. A complete ring 
of lining was made up of six segments, 33in. 
wide, together with a short key segment. 
This width conformed to the 33in. advance at 
each move of the shield. 

In some cases, as tunnelling progressed, 
the ground pressure due to the advance or 
“shove ” of the shield resulted in forcing 
back the clay body to such an extent as to 
raise street pavements and the floors of base- 
ments. To check this action, such threatened 
areas were sometimes loaded with sand bags 
as a preliminary to advancing the shield. 
During the movement of the shield, levels 
were taken systematically on the surface in 
order to detect any incipient rise, the informa- 
tion being telephoned to the men in charge of 
the shield. 

Hand mining methods employed on about 
70 per cent. of the 8-75 miles of subway were 
modifications of methods developed in the 
construction of many large sewer tunnels in 
the Chicago clay formation. In general, the 
series of operations was practically as follows, 
but modified in detail according to the ideas 
and opinions of the engineers and superin- 
tendents of the several contractors. How- 
ever, the air pressure was almost universally 
about 12 1b. per square inch, ranging from 
10 lb. to 15 Ib. 

As the first stage, two small side drifts 
were pushed forward, having their floors at 
the level of the springing line of the roof. In 
these drifts were placed the sills or wall 
plates of 8in. rolled steel H-beams to carry 
the arch lining. Transverse cuts started from 
the tops of these drifts and meeting at the 
crown formed the upper part of the arch 
excavation, the steel lining of which followed 
close behind. As a third stage, following in 
rear of the drifts, another transverse cut 
completed the arch excavation down to the 
springing line. Horizontal struts were then 
placed between the wall plates to hold them 
in line and position. 

Behind this advance of the arch came the 
removal of the lower section or bench, which 
was done ordinarily in three stages. First, 


two deep and narrow side cuts or trenches 
were carried down to the level of base of 


permanent support of the wall plates carry- 
ing the ribs of the arch lining. These columns 
were seated on screw jacks, by means of which 
the arch lining was pressed firmly against the 
clay. Secondly, the bench or core between 
the trenches was removed down to the floor 
floor level ; and finally, thirdly, this bench 
excavation was carried on down to the base 
of floor slab or invert. 

In a different method, used only to a 
limited extent, a small top or crown drift was 
started, having its roof shaped to the extrados 
of the arch. In this drift the steel lining for 
the crown of the arch was placed, being sup- 
ported by a centre row of short posts in the 
centre line of the tunnel. This drift was 
then widened on both sides, the additional 
lining being held by two rows of diagonal 
braces or posts. Then these side drifts were 
carried down to the springing line, and after 
the lining had been placed in them the core 
was removed, thus completing the arch 
excavation down to the springing line. Two 
side drifts or trenches then permitted extend- 
ing the lining down to the floor level, after 
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which the core or material between them was 
removed to the level of the base of invert. 
In hand mining the concrete lining was 
kept close behind the excavation, since the 
steel lining was of light construction and com- 
pressed air pressure was relied upon to assist 
in holding back the soil. Any loss of pressure, 
therefore, might have caused trouble on a 
long stretch of the steel lining. In the general 
procedure this work was done in forty-eight- 
hour periods, in which mining or excavation 
proceeded for thirty-two hours and concreting 
for sixteen hours. The invert was advanced 
ahead of the arch, in order to provide a rigid 
base for the arch supports. In shield tunnel- 
ling, however, the concrete was kept a good 
distance behind the excavation, partly 
because the steel lining was heavier and did 
not require reinforcement by the concrete 
lining. But the main reason was that the 
pressure exerted by the jacks in advancing 
the shield caused minute deflection in the 
concrete as far back as 200ft. from the shield, 
and such deflection might be destructive to 
concrete in process of setting. 

It may seem strange that no waterproofing 
membrane or blanket was applied outside 
the concrete. Such treatment would have 
added enormously to the cost of construction, 
and might itself have had weak spots. 
Instead, care was concentrated by the engi- 
neers on the cement and aggregates for the 





invert, to permit of placing steel columns for 


concrete, and the proportioning, mixing and 


placing of the concrete, in order to produce a 
material that would be both dense and work- 
able. Even admixtures intended to increase 
the density were not used. This policy has 
proved entirely satisfactory. In the few 
cases where seepage or leakage has occurred 
waterproofing treatment has been applied 
at a cost that is only a fraction of that for 
complete enveloping of the structures in a 
waterproof medium. 

Concrete for lining the tunnels was all pre- 
pared on the surface, mainly at plants 
installed temporarily in the streets, but 
partly at a central plant, from which it was 
transported in motor trucks or lorries. The 
concrete was either pumped directly to the 
forms through pipes from special pumps on 
the surface or was poured down a vertical 
pipe opening into the tunnel. The pipe led 
to an air lock at the bottom, through which 
the concrete was discharged into a bin o1 
hopper. From the hopper it was delivered 
to the forms through pipes, either by pumping 
or by pneumatic pressure. In pumping the 













concrete the maximum distance for satis- 
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factory work was 1000ft. A tensile strength 
of 3000 lb. per square inch at twenth-eight 
days was specified, but it actually averaged 
about 4000 Ib. 

To fill any voids around the tunnel lining 
and so provide against swelling movement of 
the clay body pea gravel was forced in outside 
of the lining and then solidified by a 1-to-1 
cement grout forced in at a pressure of 30 1b. 
to 35 lb. per square inch. Similar grout was 
also forced in between the steel shell or lining 
and the interior concrete lining. 

Track or permanent way construction will 
consist of 100-lb. T or flat-footed rails on 
short oak blocks or half sleepers embedded in 
the concrete floor. Steel base-plates will be 
fastened to the blocks by screw spikes and 
steel clips will fasten the rails to the base- 
plates. This construction is common in 
subways and large railway stations. India- 
rubber pads an inch thick will be set in 
recesses in the base-plates to prevent metal 
contact and reduce noise of operation. The 
conductor rail will weigh 1451b. per yard. 
A complete equipment of automatic block 
signals, with automatic train stops, will be 
installed. 


TRAFFIC OPERATION 


An estimated traffic capacity of 64,000 
passengers per hour on a double-line subway, 
or 32,000 per hour per track, is based on the 
assumption of forty trains per hour on each 
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track, the trains being composed of eight 
60ft. cars with an average of 100 passengers 
per car. ‘Traffic on the initial subways is 
estimated at 100,000,000 passengers annually, 
with a saving of four to twelve minutes in 
time from different parts of the city to the 
business district. In operation, there will 
be an increase in the number of through 
trains, as compared with the present number 
of trains that circulate entirely around the 
elevated loop and return to their own lines. 

On Route No. 1, Clybourne Avenue and 
State Street, the speed will average 20 miles 
an hour, including all stops, while on the 
present but less direct elevated route the 
speed is normally 16} miles an hour, reduced 
to 13% miles during the rush hours. On 
Route No. 2, Milwaukee Avenue and Dear- 
born Street, the subway speed will be about 
20 m.p.h., including all stops, while on the 
comparative elevated railway route the speed 
is normally 154 miles, which is reduced to 
143 m.p.h. during rush hours. 

Running time around the elevated loop 
will be reduced by nearly seven minutes, 
since the number of trains per hour per track 
will be reduced from sixty-eight to thirty- 
eight, or 44 per cent. It is considered that in 
good operating practice the number should 
not exceed forty trains. When certain exten- 
sions of the subway system are completed it 
will be practicable to remove the elevated 
structure forming the north and east sides 
of the ‘‘loop.” But the other two sides 
cannot be removed until a north-south sub- 


serve the west side of the business district. 
As already explained, one purpose of the 
subway system is the eventual removal of 
the elevated “‘ loop ” in its entirety. Future 
extensions of the system, already planned, 
provide for new routes and new connections 
totalling nearly 40 miles and estimated to 
cost £20,400,000. 

This important municipal development in 
Chicago is being planned and carried out by 
the city under the direction of the Depart- 
ment of Subways and Super-Highways, of 
which Mr. Phillip Harrington is Com- 
missioner. Mr. Charles E. De Leuw has been 
consulting engineer throughout the entire 
history of the project. Mr. Ralph H. Burke 
was chief engineer during the tunnel con- 
struction period, but with its completion his 
duties were taken over by Mr. De Leuw. The 
Federal Government was represented by Mr. 
Joshua D’ Esposito, as consulting engineer for 
the Department through which the Govern- 
ment’s financial assistance was given to the 
city. To expedite the progress of con- 
struction the work was divided among a 
number of contractors. 

In June, 1941, the tunnelling was com- 
pleted and the station work was well 
advanced. Tenders have been asked for the 
track construction, for the three structural 
steel inclines or viaducts to connect with the 
elevated railways, and for the architectural 
finish and interior decoration of the stations. 
The entire initial system of the new subway 
system, nearly 10 miles including inclines, is 





way route on Wells Street is provided to 


to be completed by June, 1942. 








The Education of Engineers’ 


By Professor C. 


AM glad to take this opportunity of voicing 

some opinions on engineering education, 
and to do so under conditions where, like a 
preacher in the pulpit, the most provocative 
heresies can be pronounced without fear of 
interruption. For ideas on engineering 
education can be very provocative and, 
whereas education for most of the professions 
is generally accepted with resignation, the 
training of an engineer is an unending and 
chronic subject of controversy which is 
always so near the boiling point that unless 
provision for relieving pent-up pressure is 
periodically provided explosions are likely 
to occur. With this relief in view, the 
Institution organised a conference on engi- 
neering education, which was to have been 
held in March, 1940, but, like so many of our 
activities, had to be cancelled. For that 
occasion I had been invited to give an address 
on the university education of engineers ; 


-and, now that the chance has recurred, I 


propose to inflict on you some of the con- 
clusions I have reached as the result of many 
years of teaching experience involving much 
trial and error ; abundance of trial and prob- 
ably still more error. 

At the outset let me say that my con- 
ception of the primary duty of a university 
is that it should cater for the needs of those 
who, without any suggestion of class dis- 
tinction, are expected to become the future 
officers in the army of civilian engineers— 
men who are destined ultimately to hold 
positions of high and varied responsibility. 
To fulfil this duty education in the broadest 
and most liberal interpretation of the term 
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is required. On the other hand, the main 
preoccupation of technical schools should. be 
to give the specialised training so essential 
for those who in that army will occupy the 
no less important and far more numerous 
positions of non-commissioned officers. These 
two tasks differ fundamentally in technique 
and although they overlap to some extent, 
any attempt to reduce them to a common 
denominator can only result in an unsatis- 
factory compromise. Education rather than 
specialised training should be the university 
ideal, and in this connection it cannot be too 
strongly emphasised that education is some- 
thing much wider and more profound than 
mere instruction. Just as culture and civi- 
lisation are not synonymous terms, so instruc- 
tion must not be confused with education. 
Instruction is certainly one of its ingredients, 
but an overdose of instruction may well 
stultify intellectual development and check 
that widespread formation of mental roots 
which is the all-important function of educa- 
tion. Expounding his views on education, 
Dr. Arnold, of Rugby, stated a great truth 
when he said: “I am increasingly con- 
vinced that it is not knowledge but the means 
of gaining knowledge which I have to teach.” 

You will not be surprised that, holding 
clear convictions about the necessity of 
depth and breadth rather than height in engi- 
neering education, I am strongly opposed to 
premature specialisation. Show me a 
youngster who has had his foundations of 
belief well and truly laid and I will back him 
at long odds to overtake and soon outrun, 
over any line of country, one of equal natural 
ability whose breadth of vision and mental 
root formation have been cramped by pre- 
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mature specialisation. The foundations of 
engineering knowledge are growing wider 
and yet more wide, and branches of engi- 
neering are becoming more and more closely 
interlocked. As an example, radio-electricity 
was formerly regarded as a highly specialised 
engineering subject, but recently its applica- 
tions have penetrated to such an extent into 
nearly every department of engineering that 
it must now be treated almost as a basic 
subject in any curriculum which aspires to 
give a liberal engineering education. 

Assuming that an engineering course at a 
university extends over a period of three 
years, that is none too long for establishing 
the basic principles common to all the main 
departments of engineering—civil, mech- 
anical and electrical. In his third year the 
more receptive student should be given the 
opportunity of pursuing one or two subjects 
to a more advanced stage; but, just as 
branches of engineering are becoming more 
and more interlocked, so (to change the 
analogy) the subdivision of engineering 
education into a number of water-tight com - 
partments is to be avoided. Except for the 
option provided in the third year of delving 
more deeply into one or two specialities 
selected from a variety of subjects, the courses 
provided should be the same for all. 

The primary duty of a university is to 
give a student the opportunity of absorbing 
those particular forms of knowledge which, 
if not acquired then, probably never will be 
acquired, and his activities should be directed 
in accordance with this plan. Following this 
principle, it becomes almost reasonable to 
suggest that if a student is destined, let us 
say, for an electrical career, the subject he 
can most afford to neglect when he is at 
the university is electricity, since he will get 
all he wants of that commodity in his subse- 
quent experience. Unexpected knowledge 
is the surest means of obtaining differentia- 
tion from the common herd. A beginner in 
an electrical firm will get little credit for his 
knowledge of electricity, for in that par- 
ticular direction he will be surrounded by 
others far more knowledgeable. But if 
perchance a problem involving stress calcu- 
lations comes along, which he alone is capable 
of solving, seen against a black background 
of ignorance he will gain credit quite out of 
proportion to his merits. 

Whether or no some new subject should be 

introduced into the educational system 
should, in general, be decided by the test, 
does it or does it not involve important 
fundamental ideas which, if not assimilated 
at that stage, never will be acquired; and, 
bearing in mind that the educational machine 
is always overloaded, the further question 
arises what item, if any, can be jettisoned to 
make room for the new activity. 
If this non-specialised form of engineering 
education is accepted, employers, when they 
take on a university graduate, must not 
expect him to be a finished tool available 
for immediate use. His potentialities may 
be great, but at that stage he can be regarded 
only as a raw product, and the principle of 
concentration on the fundamental and less 
readily acquired forms of knowledge will 
have fashioned him, for the time being, into 
@ lop-sided creation with many ungainly 
bumps and hollows. It must be left to his 
employers to mould him into shape, and it is 
to be hoped that this will be effected by 
filling the hollows rather than suppressing 
the bumps. These bumps are the indications 
of self-confidence and knowledge, and to 
operate cn them will reduce the patient to a 
state of mental mediocrity. 

In this moulding operation the students 
of highest quality are the most difficult. to 








handle and the most exacting to train, since 
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their independence of mind may cause them 
to ask awkward questions and to rebel against 
time-honoured conventional methods diffi- 
cult to defend. On this account I have, to 
my regret, even encountered cases where 
employers have deliberately shown pre- 
ference for young men of a lower order of 
intelligence, knowing that such will be more 
content to accept the status quo and more 
prepared to conform to the description of the 
practical man propounded by Disraeli, who 
defined the mere practical man as “ the man 
who is content to perpetuate the mistakes of 
his predecessors.” 

Nevertheless, engineering firms are with 
increasing persistence asking for young men 
of exceptional ability, but having got them, 
not infrequently they have no idea how to 
utilise and develop this latent talent. <A 
lengthy treatise might be devoted to this 
subject—indeed, a text book dealing with this 
topic is badly needed—but all I will say now 
in this connection is that razors are poor 
implements for cutting bricks, and a chisel, 
if used as a screw-driver, is apt to lose its 
edge. To develop the potentialities of high- 
class but inexperienced engineering students, 
they must be set problems calculated to 
stretch their brains and at the earliest 
possible stage they should be given tasks 
which involve real responsibility ; perhaps 
the most valuable part of this stage of their 
education being the lessons they learn from 
their own mistakes when such mistakes really 
matter. There is a saying that lilies, when 
they decay, smell worse than weeds, and the 
better the brain the lower its fall when 
degeneration sets in owing to repeated 
frustration or chronic disuse. 

In many engineering organisations there 
exists at the top an upper stratosphere of 
conspicuous ability and mature judgment 
and at the bottom there is a ground layer of 
youthful enthusiasm and fresh ideas, un- 
balanced though these may be by lack of 
experience ; but in between there is apt to 
be a stratum of high resistance and poor 
permeability, the abode of those who have 
risen as high as their limited natural ability 
enables them to rise, and where, bereft of 
ambition, they are content to remain per- 
petuating in a painstaking manner the mis- 
takes of their predecessors. It is this middle 
layer which clogs the wheels of progress and 
devitalises the enthusiasm of those young 
men who started their: engineering careers 
with such high hopes and aspirations. 

Whilst it is easy to point out a defect, it is 
more difficult to prescribe a remedy; but 
the solution I now propose, even as I have 
done in the past, is to stir up this stagnant 
middle stratum with more posts in the nature 
of personal assistants to managers or 
directors. Young men of proved ability, 
after they had completed their practical 
training, could thus be set to study special 
problems calculated to develop their origin- 
ality and brain power and, vested with 
authority from on high, their initiative would 
not be thwarted as is all too likely if these 
efforts are not backed by influential support. 
The existence of such posts would also have 
the good effect of inducing men of exceptional 
ability to remain on the technical side ; 
bringing them into close contact with man- 
agerial activities would fit them for subse- 
quent positions of high responsibility, and 
might even thereby tend to discredit the 
prevalent and pernicious doctrine that the 
mentality of the technical man is too narrow 
for the highest positions industry has to offer. 


MATHEMATICS 
Since mathematical ability, if not acquired 
at an early age, will never be acquired, 
mathematics must occupy a prominent 


position in any university course of engineer- 
ing education. Mathematics has been 
termed the “‘ handmaiden of science,’ and 
with the rapid development taking place in 
engineering science, the services of such a 
handmaid are becoming an increasing neces- 
sity. But even now, these advances are 
seldom the direct result of mathematical 
analysis, and perhaps the most valuable 
service this science renders to engineering is 
the explanation of difficulties encountered 
and the consolidation of a position already 
won, so that a further advance can with 
confidence be undertaken. Here I am speak- 
ing of mathematics of a really exalted 
character. To the real expert the type of 
mathematics utilised by engineers in their 
everyday work appears hardly worthy of the 
name, but only a degraded form of his art, 
debased by utilitarian considerations. Speak- 
ing in analogies, I would refer to the routine 
calculations practised by engineers as mathe- 
matics of the “ tin-opening variety,” and in 
contradistinction to real mathematicians, 
we engineers are more interested in the con- 
tents of the tin than in the beauty and pre- 
cision of the implement employed. But some 
form of mathematical tin-opener is essential 
since it is the only means whereby funda- 
mental truths can be incontestably estab- 
lished, and empirical formule replaced by 
those of a rational variety. 

Mathematics is a subject which differs 
from almost any other form of knowledge in 
that to most individuals it presents a ceiling 
above which it is impossible to rise. When a 
student is endeavouring to master a par- 
ticular subject, lack of natural ability can 
usually be overcome by extra effort ; but 
my teaching experience leads me to believe 
that this does not apply to mathematics, and 
the fact that most students in this subject 
possess a definite limitation and are unable 
to rise above it, does not necessarily betoken 
a lack of effort. 

In teaching mathematics to students of 
normal ability, experience has shown me 
that an illogical method is often the best 
and that a thorough drilling in the technique 
of a process can with advantage be given 
before the reasons underlying the process are 
fully understood. Thus, in teaching the art 
of differentiation, although the teacher, for 
his own satisfaction, may be permitted to 
give a preliminary explanation of the pro- 
cesses and principles involved, at that stage 
his explanation is not likely to make much 
impression with the majority of his audience. 
But if, after a student has practised the 
technique and worked out numerous 
examples, the reason and purpose of what he 
has been doing more or less automatically 
and blindly is once again explained, the 
scales will fall from his eyes and the light of 
true understanding will enter and remain 
therein. 


> 


(T'o be continued) 








The Development of the Steam 


Locomotive 
By E. C. POULTNEY 


THERE was a goodly company gathered 
together at the ‘“ Mechanicals”’ on Friday 
afternoon, October 24th, to hear Mr. W. A. 
Stanier deliver his presidential address, and 
it is certain that those who had or made 
time to attend were very well repaid for any 
trouble or inconvenience which may have 
resulted. It is seldom that we have had the 
pleasure of hearing an address so interesting 
and so well delivered. Though lengthy, there 
was not a dull moment, and moreover not 





one part which one could afford to miss. 


Mr. Stanier was particularly happy in the 
manner with which he sketched out the early 
development of the steam locomotive in this 
country. Locomotive men responsible’ for 
the provision of motive power on our rail- 
ways have been and in fact still are closely 
wedded to the simplest forms of construction. 
There are, it is true, numbers of three and 
four-cylinder engines now in service, and in 
many instances there are such sound reasons 
for their use that their complication has to 
be tolerated. 

The long period during which the relatively 
small inside cylinder engines remained 
supreme on our railways, all, as Mr. Stanier 
remarked, much alike in shape, was neverthe- 
less not without interest. It is true important 
changes were few and far between, but 
designers “played safe,”’ for they lived “in 
close daily contact with their products ”’ and 
were not only locomotive superintendents, 
but designers and constructors as well. On 
the other hand, engines of this general type 
grew to quite large dimensions ; for example 
the McIntosh six-coupled express engines of 
1906, with their 2lin. cylinders and 2400 
square feet of heating surface, and the 
Aspinall “‘ Atlantics ” on the Lancashire and 
Yorkshire turned out from Horwich during 
1899. 

Mr. Stanier’s close association with the 
work done by Churchward at Swindon enabled 
him to speak with authority on Great 
Western practice at that period. In particular 
the reasons given for Churchward’s adoption 
of lower degrees of superheat than obtained 
on other lines is most interesting. All the 
same, we may still wonder whether Church- 
ward pinned his faith on high evaporative 
capacity as opposed to high superheat. In 
the writer’s view Churchward’s conception of 
the value of large valves, direct steam ports 
and relatively small cylinders in conjunction 
with high-pressure steam prove him to have 
been an engineer of more than ordinary 
ability. It was these features taken together 
that were responsible for the success of 
Swindon engines, and if proof were needed of 
the truth of this statement it is seen in the 
adoption of these very same principles in the 
design of all modern high-speed locomotives. 

It is, of course, true that pressures are now 
higher, being of the order of 250 1b. per 
square inch or more. Mr. Stanier himself 
contemplates 300 lb. per square inch for a 
projected design and Mr. Bulleid has adopted 
285 lb. steam pressure for his engines on the 
Southern. The difference, however, between 
Swindon and current practice elsewhere lies 
in the steam temperatures used, for whereas 
in general efforts are made to increase super- 
heat with advances in pressures, and, the 
writer thinks, with good reason, practice on 
the Great Western remains much as Church- 
ward left it. 

The great value of large valves with greater 
lap resides not so much in the ability to 
“notch up” more, but in the improved 
openings to steam attained, resulting in 
higher mean pressures at speeds, the very 
thing that is wanted to meet modern operat- 
ing conditions. For the best results in this 
respect it would, however, seem that highly 
superheated steam is essential, and world 
opinion would appear to support this view. 
The greater part of the progress so far made 
in locomotive design and performance is 
actually due to the introduction of the flue 
tube superheater. It is the superheater that 
has done more than any other single refine- 
ment to reduce the weight-power ratio, 
although improvements in cylinder design 
and in the proportions of valves have made 
the full value of the superheater attainable. 
As Mr. Stanier pointed out, the advent of the 





superheater led attention away from the 
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fundamentals of Churchward’s success. In 
fact, the view was commonly held that it was 
easy to get the steam into the cylinder, the 
trouble being to get it out. In fact, nothing 
was further from the truth, as an examination 
of the pressure at cut-off on any indicator 
card taken at speed will show. Further 
improvements are required and are long 
overdue. 








Letters to the Editor. 


(We do not hold ourselves responsible for the opinions of 
. our correspondents.) 





THE HISTORY OF THE 
LOCOMOTIVE 


Sin,—With reference to Mr. H. W. Brady’s 
letter in THE ENGINEER of October 24th, rela- 
tive to the early naming of locomotives on the 
Stockton and Darlington Railway, I should 
like to add a word or two. 

Although Smiles called No. 1 “ Active” in, 
his 1857 edition, he altered it to ‘‘ Locomotion ”’ 
in his later editions ; at least it is so in my 1868 
edition. 

Robert Young, in his ‘‘ Timothy Hackworth 
and the Locomotive,” said No. 1 was first called 
‘* Active,” but I imagine he was quoting from 
Smiles. 

More light might be thrown on the subject 
by a search in the archives of the 8. & D. Rail- 
way, but these are now inaccessible. Since 
writing the article on the first 8. & D. engines, 
[ have come across a note extracted from one of 
Hackworth’s ledgers. This mentions repairs 
to No. 2, “‘ Bedlington,”’ on April 19th, 1831, 
and six new wheel rims for No. 6 engine, on 
June 2Ist, 1831. 

Apparently, names were not settled at that 
date. No. 6 might have been the “ Royal 
George ’’ or ** Experiment ” at that date, but 
he gives it no name. E. A. Forwarp. 

Coulsdon, Surrey, November Ist. 


LINKS IN 


Sir,—With further reference to the early 
drivers on the Stockton and Darlington Rail- 
way, 1825-26, I may add the following :— 

(1) ‘*‘ Locomotion,” James Stephenson, brother 
to George Stephenson ; (2) ‘‘ Hope,’’ Robert 
Morrow ; (3) ‘‘ Black Diamond,”’ William Gow- 
land; (4) ** Diligence,’”’ Thomas Law. 

In an old record it is found that ‘‘ Auld 
Robert ’’ Morrow was wont to claim that the 
first engine that ever passed over the Stockton 
and Darlington Railway was in his charge. 
Hence the inscription on the headstone of his 
grave at Wortley, Leeds, but his ‘* master,” 
George Stephenson, steadfastly refused to 
accord him this distinction. 

Morrow (erroneously spelt Morror in last 
week’s issue), however, was the driver of 
“Hope,” the companion of ‘‘ Locomotion,” 
which was delivered to the company in Novem- 
ber, 1825. After he had tired of the road, 
Morrow built a public house in West Street, 
Middlesbrough, and settled down with the 
intention of spending the remainder of his days 
there. I cannot account for his coming to Leeds 
and his burial at Wortley. 

W. J. BARKER. 

Leeds, 6, November Ist. 


SELF-PHASING OF THE GARRATT 
LOCOMOTIVE 


Sir,—The fact that the pistons of the two 
sections of this locomotive come into phase in 
running may, I think, be accounted for in the 
following manner :—They can only come into 
phase by the slipping of one set of driving 
wheels whenever the two sets are out of phase ; 
the slipping ceasing when they are in phase. 


an uneven torque, and hence if the two sets are 
out of phase there will be some slipping on the 
wheels driven by the pistons which are leading 
the other set. This slipping will continue until 
the two sets come into phase, but when this 
happens the two sets will have their maximum 
torque at the same instant, and this will mean 
that the draw bar pull will be at its maximum 
and minimum at the same instant for both sets 
of wheels. This fact will tend to eliminate slip, 
or if the wheels get out of phase the leading set 
will tend to slip back into phase with the lagging 
set. 

I understand that something like this 
happened with Webb’s compound engines, 
where the wheels driven by the high-pressure 
and low-pressure cylinders were not coupled. 
I have heard it stated that these engines ran 
roughly, no doubt because the low-pressure 
piston gave its maximum torque at the same 
instant that the high-pressure pistons gave 
theirs, with the result that the draw bar pull 
was very uneven. C. TURNBULL. 

Tynemouth, Northumberland, 

October 28th. 








Acceleration of Transport 


Last winter losses at sea were so serious that 
vital supplies could only be maintained by 
making every ship afloat do more voyages. 
The measures taken by the Government at that 
time to reduce the time spent in discharging, 
loading and undergoing repair had the desired 
effect and the saving in time has been equiva- 
lent to the addition to our merchant fleets of 
many hundreds of thousands of tons. A similar 
problem is now arising on the inland transport 
services, due not to losses of vehicles, but to the 
expansion of war industries. Present indica- 
tions are that coal traffic will be heavier than 
last winter by about a quarter of a million tons 
a week. Substantial increases are also expected 
in other freight traffic and in the numbers of 
workers to be conveyed to and from the war 
factories. Although transport undertakings 
have carried out important improvements, they 
are severely handicapped in their efforts to 
increase carrying capacity by black-out restric- 
tions, the calling up of large numbers of workers 
(totalling more than 100,000) and the impossi- 
bility of obtaining new vehicles, rolling stock 
and running lines in anything like the numbers 
required to offset the increase in traffic and 
normal wastage of existing stocks. It is esti- 
mated that to meet all demands the transport 
industry needs at least 100,000 more wagons 
and lorries. They will not be forthcoming for 
the simple reason that the manufacture of 
aeroplanes, guns and tanks must come first. 
Instead the Government is planning to obtain 
a similar increase in carrying capacity by 
eliminating all unnecessary use of transport and 
all forms of waste. It will be done by saving 
time on the turnround of wagons, lorries and 
canal barges and by the rationalisation of the 
distribution of goods. At the same time, the 
organisation of each of the main branches of 
the transport industry is being strengthened, on 
the operational side, to ensure that there is no 
avoidable delay. More mobile cranes are being 
provided and where these are not available 
undertakings are being urged to improvise 
other time and labour-saving devices. In 
addition, extensive new works costing £6,000,000 
are being completed on the railways, and the 
bulk of these will be ready to afford valuable 
relief this winter. They include new loops and 
sidings and running lines and the improvement 
and enlargement of exchange junctions. 

The essence of the problem is how to reduce 
the length of time between the arrival and 
release of each vehicle. If time can be saved 
on actual loading and unloading operations, by 
the increased use of mechanical devices, such 
as mobile cranes, this will be all to the good ; 
but the main object of the campaign is to avoid 
the umnecessary detention of vehicles under 


forwarded at one time than the consignee can 
discharge. The remedy lies in closer co-opera- 
tion between the parties concerned, and in 
notification of consignees as early as possible 
that goods are being forwarded. Labour require- 
ments should so far as possible be planned in 
advance and arrangements made to maintain 
work, if necessary, after dark. Counts taken 
in the second quarter of this year showed that 
the average number of wagons standing under 
inward load for more than forty-eight hours 
was nearly 60,000. 

At a Press Conference at the end of last week 
Lord Leathers suggested that there are many 
ways in which traders can help, notably by 
adjusting the rate at which supplies are ordered 
forward to their capacity to discharge, including 
co-operation with other traders so that the best 
use may be made of available labour by the 
pooling of resources ; and by improving by all 
possible means the rate of intake, so that by 
the use of labour-saving devices improvements 
of lay-out of sidings and premises, increased 
storage capacity and by adjusting hours of 
work wagons need not stand idle under load 
throughout a week-end. 

As a further means of economy the Minister 
is arranging with his colleagues to rationalise 
the distribution of goods so as to eliminate the 
waste of transport involved in sending goods 
to areas which have their own local sources of 
supply. 

As far as road hauliers are concerned, Lord 
Leathers pointed out that the industry itself is 
doing a great deal to prevent avoidable delays 
both at inland warehouses and more particu- 
larly in ports, but much depends on the trans- 
port users, whose individual efforts, however 
small, will have a great cumulative effect. 

In order to make the maximum use of the 
canal system the Ministry of War Transport 
has made arrangements which, it is hoped, will 
result in the allocation to the canals of suitable 
blocks of traffic. A particularly promising 
start has been made with the diversion to the 
canals of more coal and, as a result, the weekly 
tonnages carried from the coalfields have been 
increased this year by about 15 per cent. Good 
results are also expected to follow the appoint- 
ment recently of a Central Control of all boats 
carrying coal in the Warwickshire coalfields 
area (including the South Derbyshire collieries) 
with a boat control officer in charge. The 
scheme, which began this month, is expected 
to reduce delays to boats and thus enable 
canals to carry more coal. One of the duties of 
the reconstituted Regional Canal Committees 
will be to give special attention to this problem. 








BRITISH STANDARDS INSTITUTION 


All British Standard Specifications can be obtained from 
the Publications Department of the Institution at 28, Vic- 
toria Street, London, S.W.1. The price of each specification 
is 2s. 3d. post free, unless otherwise stated. 





GEARS FOR CLOCKWORK MECHANISMS 


B.S. No. 978.—The necessity for this specification 
has arisen owing to the heavy demands that are at 
present being made on the tool manufacturers in 
this country, and the Ministry of Supply asked the 
B.S.I. to- undertake the standardisation of gears 
as,used in clockwork mechanisms, so that a reduc- 
tion in the number of hobs required for producing 
these gears might be effected. The term “ clock- 
work mechanisms ”’ includes gears such as are used 
in clocks, watches, meters, and instruments. One 
manufacturer alone stated that he was being asked 
to make hobs of 800 different types. Investigation 
of the field has revealed that whilst to a large extent 
manufacturers have followed the practice in 
Switzerland, there is no universally recognised 
standard, and it has therefore been necessary to 
establish a standard, the adoption of which may 
necessitate manufacturers having to depart from 
their existing individual practices. Considerable 
difficulty was experienced in deciding on the form 
of tooth to be adopted. Eventually the choice was 
reduced to two forms—the cycloidal form, which 
was reputed to give lower frictional losses than the 
involute, enabling lighter springs to be used, and 
the circular arc form. Tests carried out by the 
National Physical Laboratory showed that in general 
the circular arc form and the cycloidal form were 
equally efficient. The circular arc form was accord- 
ingly adopted, as it had’ the outstanding advantage 
of enabling the number of tools required to be con- 








It is well known that a two-cylinder drive has 





load. Urgently wanted wagons are frequently 
still left idle for days because more loads are 





siderably reduced. 
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Motor -Driven Capstan Lathe 





Untimi about ten years ago small capstan 
lathes were belt driven from an overhead 
countershaft, which usually provided two for- 
ward and one reverse speeds. Owing to the 
limitations imposed by the diameter and speed 
of the line shaft pulleys it was not possible to 
obtain in the two forward speeds a ratio of more 
than about 7 to 1, which was not sufficient to 
allow high-tensile steel to be turned and 
threaded at economical speeds. To obtain 
accuracy and finish with reasonable die life 
when threading high-tensile steel a cutting 
speed of about 7ft. per minute often has to be 
used, and on some of the alloy steels used in 
aircraft manufacture the threading speed may 
even be as low as 3ft. to 4ft. per minute. At the 
other end of the scale non-ferrous work called 
for speeds greatly in excess of those which could 
be provided by the countershaft-driven machine. 

These considerations led to the design of the 2S 
capstan lathe by Alfred Herbert, Ltd., in which a 
motor, attached to the cabinet leg, drove, through 
a gear-box, a three-step cone pulley housed in 
the cabinet, which in turn drove a similar cone 
pulley mounted on the spindle. The gear-box 
provided a fast and slow-speed, either being 
instantly obtainable through a friction clutch. 
The spindle was started, stopped or reversed 
by means of a switch. Pick-off gears in. the 
gear-box provided a large range of spindle 
speeds—38 to 3090 r.p.m.—suitable for a great 
variety of work. The ratio of the two speeds 
could be varied from 2} to 1 for non-ferrous 
work to } to 1 for high-tensile steel. This form 
of drive gave all the advantages of a large range 
of spindle speeds with high or low ratio of fast 
to slow and got rid of the overhead countershaft 
with its many drawbacks. 

Experience with the No. 2S capstan lathe 
showed that a range of more than two spindle 
speeds, if instantly available, could be used to 
great advantage on much of the work allocated 
to capstan lathes. To obtain this advantage 
the No. 2D Herbert capstan lathe, illustrated 
herewith, has now been introduced. In this 
machine any one of eight spindle speeds in 
either direction can be obtained instantly 
without stopping the spindle. The drive is by 
a four-speed pole-changing motor through a 
gear-box which provides two speeds to a two- 
step cone pulley in the cabinet leg. Either of 
these two speeds is obtainable by means of a 
lever-operated multi-grip plate clutch. The two- 
step cone pulley drives a similar one on the 
spindle, and by moving the belt a second range of 

eight speeds is obtained. The spindle is startéd, 
stopped and reversed by a finger-controlled 
lever below the speed dial. By flicking the 


lever momentarily into reverse thé spindle can 
be stopped almost instantaneously at any speed. 

It will be seen that this arrangement provides 
sixteen reversible spindle speeds in two ranges 
of eight according to the position of the belt on 
the two-step cone. To facilitate selection the 
fast and slow ranges are indicated by green and 
white markings respectively on the dial, which 
operates a change speed switch to select the 
four motor speeds. These speeds are doubled 
by the lever-operated clutches in the driving 
box. A plate above the speed dial indicates 
the position of the lever for fast or slow speed. 


or slow feed, the change being made by a small 
lever. The fast feed is an advantage when 
working in brass and other soft materials. The 
slow feed is suitable for forming cuts when 
extra power is required. Considerable time is 
saved by using the fast feed for rapidly advancing 
the tools to the work, an instantaneous change 
being made to slow feed for actual cutting, 
Hand traverse to the saddle is provided by a 
hand wheel below the headstock. The wheel is 
fitted with an indicator to enable length dimen. 
sions to be accurately duplicated. Six adjust- 





able stops are provided for the longitudinal 








The standard range of spindle speeds comprises 
eight fast speeds (green) from 160 to 2550 r.p.m. 
and eight slow speeds (white) from 50 to 
810 r.p.m. If tough materials are to be 
machined a lower range of speeds can be sup- 
plied, 85 to 1400 r.p.m. and 28 to 460 r.p.m. 
The spindle is mounted on precision ball and 
roller bearings, whilst double-purpose ball 
bearings take the thrust in both directions. 
A hardened flanged spindle nose provides for 
the direct attachment of chucks, of whichseveral 
types can be fitted. 

The cross slide is operated by the Herbert 
patented “ Duo-rate ’’ hand feed mechanism. 





The cross feed hand wheel is used for either fast 

















No. 


2D CAPSTAN LATHE 





AUTOMATIC ELEVATING HOLDER FOR 








OVERSIZE COVENTRY : DIEHEAD 


motion of the saddle and two stops for the cross 
movement. 

The capstan slide is of improved design. The 
top slide completely covers the bottom slide, 
thus protecting the sliding surfaces which con- 
sist of a vee and a flat. This construction 
ensures the maintenance of alignment and 
freedom from wear caused by dirt and chips 
The great width of the top slide gives unusual 
rigidity to the capstan in all positions of its 
travel. The capstan slide has automatic feeds 
of 80 and 160 cuts per inch, driven from the 
spindle by a belt and two-step cone pulleys. 
A slipping clutch in the feed drive prevents 
damage if the capstan slide is fed into the cross 
slide. The feed shaft is mounted on ball 
bearings. If desired, a change-feed box giving 
feeds of 80, 160, 280 and 560 cuts per inch can 
be supplied. This box is driven by belt from the 
spindle, changes being made through sliding 
gears of heat-treated nickel-chrome _ steel 
operated by two levers. The capstan slide 
carries six self-selecting stops, the capstan 
being indexed automatically at the end of the 
return stroke of the slide. The indexing mech- 
anism can be disengaged and the capstan 
turned by hand when desired. 

To ensure durability and the maintenance of 
the original accuracy the machine has the 
Herbert patented Flamard hardened bed, the 
flat guiding surfaces having a Brinell hardness 
of 478/555. The bed itself provides three-point 
support, the right-hand leg being arranged to 
swivel. The machine thus accommodates 
itself to any unevenness in the foundation, there 
being no necessity for special levelling. The 
machine, being entirely self-contained, is there- 
fore particularly easy to install. 

The standard outfit of tools. includes a 4in. 
Coventry die head and four sets of dies. If 
threads of larger diameter are to be cut, a 
patented automatic elevating holder can be 
supplied to enable oversize die heads to swing 
over the capstan slide. The die head is mounted 
on a vertical slide, which is raised auto- 
matically by means of a cam and roller when 
the capstan is rotated and lowered into exact 
alignment with the spindle at the end of the 
rotation. 
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Markets, Notes and News 


The prices quoted herein relate to bulk quantities. 


The Control of Scrap Metals 


A special section has been set up by the 
Non-ferrous Metal Control to regulate more closely 
the disposal and use of scrap materials. Forms have 
been circulated for the purpose of obtaining from 
works returns of copper and zinc materials acquired 
for melting, without which the new section cannot 
satisfactorily work. The information which is 
asked for has been reduced to a minimum, and 
much time and thought has been spent to make the 
filling up of the forms as straightforward as possible. 
Recipients of the forms are asked to make the first 
return to eover the month of October, 1941, and on 
this occasion it will suffice if the return reaches 
the Non-ferrous Metal Control by November 10th. 
To fill up part of the form it will be necessary to 
obtain the required information from the recipients’ 
suppliers, and the Non-ferrous Metal Control asks 
the trade to treat their circular as an official instruc- 
tion to ask for the required information. Returns 
should be sent to the Non-ferrous Metal Control as 
soon as possible after the close of each month. 


The Pig Iron Market 


Conditions in the pig iron market are 
steady, but an important volume of business is 
passing. The demand is almost entirely from firms 
engaged on work of national importance, and the 
largest consumers are the heavy engineering and 
allied foundries. The light castings industry is 
poorly employed, and the supplies of high-phos- 
phoric iron which they principally use are more than 
sufficient to meet their limited requirements. The 
position of low-phosphoric iron is rather tight, and 
it is this quality principally that the engineering 
foundries use, together with important quantities 
of refined and special irons. The use of special 
qualities, however, is discouraged, if possible, by the 
Control, since their production necessitates the 
importation of foreign ore. Tight conditions con- 
tinue to rule in the hematite market, and this has 
led to an increased demand for refined irons which 
are used as a substitute. In fact, this increase in 
the demand for the latter qualities has made the 
position of these irons somewhat stringent, and the 
Control is carefully supervising applications and 
suggesting alternatives where possible. The some- 
what restricted supplies of hematite has forced the 
steel works, also, to use economy when employing 
that description, but there is a general impression 
that the position is becoming easier. Only limited 
tonnages are being released by the Control in cases 
where no other class of iron is suitable. In some 
consuming works, however, during the past few 
months it is understood that small stocks of hema- 
tite have been accumulated. An expansion in the 
production of special and refined irons has helped 
to create easier conditions in that section of the 
market. This has been particularly welcomed by 
the engineering establishments who are now using 
considerable quantities in place of hematite. 


Scotland and the North 


Government requirements absorb nearly 
the whole of the production of the Scottish steel 
works and most of the makers have enough business 
on hand to keep them fully employed until the end 
of the year. In fact, the majority of the works do 
not find it easy to take orders for delivery before 
1942. Deliveries, however, are well maintained, 
and, generally speaking, the period required is not 
so long as @ year ago. Great activity prevails in the 
plate department, and the demand comes from prac- 
tically all consuming trades, particularly from the 
shipbuilders and tank makers. The sheet mills 
also are well employed and recently have received a 
fresh accession of new business. The heavy gauges 
are not in strong demand, and the majority of the 
orders recently placed have been for the lighter 
gauges. The locomotive and wagon builders are 
kept fully employed upon Government work, and 
are requiring big quantities of plates. There has 
been no easing in the active demand for special and 
alloy steels, but supplies are sufficient to meet all 
requirements, which are principally for essential 
war work. Most of the re-rolling works are busy, 
but some are not so well employed as they would 
like to be. They have good supplies of semis, and 
there is a fairly strong demand for small bars, 
angles, &c. Business in tubes has been rather on 
the quiet side for some little time, and some of the 
Scottish works would be glad to obtain fresh busi- 
ness. Active conditions rule in the Lancashire steel 
market, and there is, in particular, a strong request 
for special and alloy steels. There is also a con- 
siderable volume of business passing in steel bars, 
the demand having become stronger for the smaller 


Export quantities are f.o.b. steamer 


diameter bars. The steel works on the North-West 
Coast are fully employed, and are producing good 
quantities of bars, strip, and structural steel. 


North-East Coast and Yorkshire 


Although here and there the volume of 
business has lessened somewhat, the picture pre- 
sented by the steel trades on the North-East Coast 
shows little slackening in the demand. All the works 
are operating at capacity, and practically the whole 
of the orders in hand come within the priority 
category. Compared with a year ago, however, the 
situation has improved to the extent that deliveries 
are made more quickly, and there has been a pro- 
pounced improvement in this respect over the past 
few months. Thisis largely due to the drastic cutting 
down of steel required for civilian purposes which 
has enabled a concentration of attention upon work 
required for the national effort. One of the most 
satisfactory features of the situation is that, not- 
withstanding the curtailment of imports from the 
United States, little inconvenience has been caused 
consumers. Stocks here and there may have been 
reduced somewhat, but there seems no likelihood 
of a stringency developing in any department. The 
amount of business passing in joists and sections has 
not recovered to the same volume as last autumn, 
but slightly more activity is noticeable in this 
department. The pressure of demand has been 
chiefly noticeable in the plate section of the market, 
and although a slightly easier tone is said to be 
apparent, the demand absorbs the full energy of the 
producers, and large tonnages are passing to the 
shipyards and tank makers. The armaments and 
munition makers are calling for large supplies of 
alloy and special steels, and although production has 
been expanded a stringency is noticeable in this 
market. The sheet trade, which recently experi- 
enced a decline in business, has received a fair 
tonnage of orders lately, both for black and gal- 
vanised required for shelters and hutments. Great 
activity prevails in the Yorkshire steel-producing 
districts, and production is well maintained. 


Midlands and South Wales 


The Midland steel works are fully employed, 
and it would seem that expectations that the slight 
easing of the pressure from consumers, which was a 
feature of the autumn trade, was only temporary 
in character was true, and that the winter will see a 
revival of the intensely busy conditions which pre- 
vailéd in the early part of the year. Structural engi- 
neers generally are not well employed, and this posi- 
tion is reflected in the rather quiet business passing 
in joists and sections. They are able, however, to 
secure their requirements on much easier delivery 
terms than a few months ago. The position of this 
branch of the engineering industry, however, is not 
satisfactory, as even those firms which have a fair 
amount of work in hand are completing contracts 
more rapidly than new business is coming forward. 
The pressure upon the plate mills continues, and is 
not likely to lessen whilst the requirements of the 
shipyards remain so heavy. The demand for heavy 
plates in particular is an outstanding feature of the 
market, but there is some stringency in the supply 
also of medium and light plates. Busy conditions 
also rule in the colliery steel department. Big 
supplies of arches and props for maintenance pur- 
poses are passing to the collieries, and the demand 
from this quarter is being satisfactorily met. Most 
of the collieries have now specified their requirements 
for the last delivery period of the year. Active con- 
ditions rule in the sheet industry, but in the majority 
of cases works are in a position to take on additional 
work. There is little change noticeable in the 
position of the steel industry in South Wales. The 
works are fully employed upon work required for the 
war effort. The raw material position is satisfactory, 
and production is maintained at a high level. 


Copper and Tin 

No important change has taken place in 
the copper situation, either in Great Britain or in 
the United States. In both countries the use of 
copper is restricted so far as possible to essential 
work. Firms requiring copper for ordinary com- 
mercial purposes have a difficulty im obtaining all 
the metal they want, whilst firms employed upon 
Government work receive their full supplies. The 
entry of Russia into the war will, of course, throw a 
much greater strain upon the copper resources of 
Great Britain and her allies, and already it is 
believed that large tonnages of the copper have been 
sent to the Soviet. In addition, the intensification 
of the British war effort will call for big supplies and 
the American defence programme will absorb very 
large quantities. The United States can and is 





sizes. A steady business is passing in the larger 





drawing largely upon the South American pro- 
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duction, and although little has been published 
lately about the price, it is reported that the latest 
deal was in the neighbourhood of 11-25c., c.i.f. 
Supplies to Great Britain appear to be reaching this 
country with regularity and freedom, but at the 
same time the future prospects of a greatly enlarged 
demand call for careful allocation and distribution by 
the British Non-ferrous Metal Control.... The 
tin market has been dull and most of the business 
passing has been of a jobbing character. It is under- 
stood that large sales have been made to Russia, but 
as these transactions took place in the East there is 
no question of hedging on the London market. The 
Non-ferrous Metal Control is buying for Russia, and 
traders who are holding tin are asked to tender or 
offer their metal. There is still some uncertainty 
regarding the future of the international tin restric- 
tion scheme, although the matter should have beea 
settled by the end of September. It is generally 
expected that the agreement will be continued for a 
further period, although perhaps not in its former 
rigid form. ‘The world’s production of tin appears 
to be in excess of the consumption. Stocks in Great 
Britain and the United States are increasing and it 
is evidently the intention of the authorities of both 
countries to encourage the accumulation of a certain 
amount of the metal. 


Lead and Spelter 

The British lead position remains satis- 
factory and the war industries requiring the metal 
are receiving full supplies. The scrap situation in 
the United Kingdom, also, is comfortable. The 
demand to-day is almost entirely for purposes 
arising from the war, and whilst the restrictions on 
the building trade remain it is certain that the 
demand from that industry will be reflected in small 
requirements of lead pipes and sheets. On the other 
hand, the cable and battery trades are actively 
employed on Government work and are using con- 
siderable quantities. The British standard for lead 
pipes has just been revised and the new specification 
is B.S. 603—941, Lead Pipes (B.N.F. Ternary Alloy 
No. 2). In the United States the lead position 
remains unchanged. The supplies for other than 
work concerned with the defence programme are 
rather tight. but supplies are available for firms 
employed upon Government work. ... The spelter 
situation is somewhat tight, but this has had little 
effect upon the war industries, which are receiving 
full supplies. It is understood that good quantities 
of spelter have been sent to Russia and that later 
on this may have the effect of tightening the supply 
position in this country. There is a large con- 
sumption of the metal in Great Britain, the brass- 
makers in particular using good quantities of high- 
grade spelter. The quantities taken by the British 
galvanising trade appear to fluctuate; — but, 
generally speaking, they show a tendency to decline. 
In the United States the position remains tight, but 
fresh production is coming into operation and a 
plant erected by the International Smelting and 
Refining Company has commenced operation a 
month earlier than was scheduled. 


Prices of Iron Castings Advanced 


Prices of fitted and finished iron castings 
and general castings have been advanced by 5 per 
cent., and enamel finished castings by 10 per cent.- 
as from November 3rd. Rainwater and soil goods 
are not affected. The advances have been authorised 
by the British Ironfounders’ Association. 


Non-ferrous Metal Prices 


The London Metal Exchange official state- 
ment for October shows a slight variation in the 
average quotations for tin. The average cash price 
declined by 10s. 5d. and there was an increase of 
4s. 6d. in the average for three months tin. The 
settlement average was 9s. 5d. below that for the 
previous month. The statement, which includes the 
official maximum prices for copper, lead, and spelter. 
is as follows :— 


Standard tin ... Cash(mean)... ... . £255 19 54k 
hree months (mean) ... £259 17 at 

Settlement . £255 19 643 
The following prices for copper, lead, and spelter 
are the maximum prices fixed by the Controller of 
Non-ferrous Metals : 

Delivered 
buyers’ premises. 

£ 8. 


Standard copper... ... ...  ... — 





Electrolytic copper .. : ; ox CES 

Electrolytic wire bars eee = 62 0 0 

Best selected copper... ... ... ... 6010 0 

Lead, good soft pig (foreign)... ... 25 0 0O* 

Spelter. G.O.B. (foreign) Sal ca OS 
* Duty paid. 
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Notes and 


Rail and Road 


Motor Trunk Roap For JAPAN.—Estimated to 
cost: nearly £6,000,000, the Japanese Government 
has. authorised the construction of a motor trunk 
road. between Osaka and Nagoya, a distance of 140 
miles. 


TRANSPORT IN JAPAN.—Transportation com- 
panies in Japan are being encouraged by the 
Government to merge facilities so as to improve 
transportation systems. Merger of cement com- 
panies is also encouraged to avoid any possible 
decline in production. 

Goops VEHICLES RELEASED BY THE SERVICES.— 
A- number of ex-Service goods carrying vehicles are 
now being reconditioned, and will be available for 
purchase by operators who have received the neces- 
sary certificate from their Regional Transport Com- 
missioners. Interested operators should consult 
their usual sources of vehicle supply to ascertain 
whether any vehicles suitable for their purpose are 
being made available under the scheme. 


By-passrnc a Town.—In order to by-pass the 
town of Red Cliff in Colorado, the State Highway 
Department has constructed a steel arch bridge, 
which is described as the longest in that State. It 
spans the Eagle River canyon, an old low-level 
highway bridge and a double railway track. The 
new bridge, 420ft. long and 209ft. high over the 
Eagle River, carries a 30ft. concrete deck on two 
steel arch ribs. It required 595 tons of structural 
steel, which was erected from a high-line cableway. 
The old route was regarded as one of the most 
dangerous mountain stretches in the State’s high- 
way system. 

DISCOVERING AN OLD Rar~way.—In a paper 
read in 1926 before the Newcomen Society, Dr. 
Arthur Raistrick, the authority on lead mining in 
bygone times, pointed out that the mine at Alston, 
begun in 1776, was the first in the North to be 
equipped with iron rails and bogies, which were 
used in the construction. He also stated: * Prior 
to this, and in Yorkshire for nearly half a century 
later, the tram rails in the mines were of elm, 
larch or oak, and, indeed, such rails were to be seen 
as recently as 1912 in the levels of the Merryfield 
sett, Nidderdale.”” Mr. P. H. Sanders, has recently 
contributed to the Railway Gazette some notes on 
@ visit to Buckden, Yorks, which resulted in the 
discovery of the remains of about 3ft. of 15in. gauge 
track, with a wagon stop. 


Air and Water 


IRRIGATION IN SrnpD.—-Another canal project for 
Karachi district is under consideration. It has been 
designed to develop 200,000 acres of arable land. 
The proposed canal will traverse about 60 miles on 
the right:bank of the Indus and will feed about half- 
a-dozen channels. 


CaLcuTTa SToRING WaTER.—The Bengal Govern- 
ment has authorised the construction in Calcutta of 
130 underground reservoirs. They are to provide 
unfiltered water for fighting fires that might be 
caused by air raids. The reservoirs will each have a 
capacity of about 8000 gallons. 


Inp1a TO Burtp MopEerRN Carco Suips.—The 
port of Vizagapatam has been selected as the site 
of a new Indian enterprise. A plot of land on the 
south-west of the Vizagapatam harbour, about 
55 acres in extent, has beer. acquired by the Scindia 
Steam Navigation Company, which will lay out a 
modern shipbuilding yard sufficiently large to 
accommodate eight building berths in which ships 
up to 500ft. in length can be built. Two berths for 
large vessels are at present being constructed. 


WIDENING AERODROME Runways.—By adapting 
motor-drawn road ploughs, sprays and what are 
known as “ nail drags,’ U.S.A. highway contractors 
have added 260,000 square yards of 6in. soil- 
cement runways and aprons at the Avondale Army 
Flying School near Macon, Georgia. Soil-cement was 
used for widening two 4500ft. long concrete runways 
and for a combined parking area apron. The 
widening extended 75ft. on each side of the 150ft. 
anding strips. The apron, all new construction, is 
450ft. by 2400ft. 


Uriisinc CoFFEE ror Pxiastics.—The produc- 
tion of coffee for the manufacture of plastic material 
for the aircraft industry has been advanced one 
stage by the completion of the first semi-commercial 
plant for the marufacture of the plas’ ic caffeli’ e and 
coffee oil from Brazil’s surplus coffee. This Sao 
Paulo plant will handle 1000 Ib. of coffee per hour. 


appointed to the board of directors of Richardsons, 
Westgarth and Co., Ltd. 


deputy chairman of the Anglo-Iranian Oil Com- 
pany, and Sir Warren Fisher has been appointed a 
director of the company. 


Memoranda 


> 


Rio de Janeiro contemplate a_ like intensive 
utilisation of the coffee plant constituents. A full- 
size factory to process 5,000,000 bags of coffee 
annually is to be erected during the current year 
and will cover a wide field of products. 


Miscellanea 


DIvIpDING A JAPANESE ENTERPRISE.—To provide 
for expansion the Mitsui chemical plants formerly 
under the control of the Mitsui Mining Company 
have now been turned over to the newly organised 
Mitsui Chemical Company. The new concern, 
among other interests, will engage in the production 
of coke and its by-products, explosives and synthetic 
petroleum. 

THe Late Mr. James Downs.—lIt is with deep 

regret that we have to announce the death of Mr. 
James Downs, which took place on October 28th, 
at the age of eighty-five. Mr. Downs was chairman 
of Rose, Downs and Thompson, Ltd., Old Foundry, 
Hull, an office which he had held for the last twenty- 
five years of a connection with the company extend- 
ing for upwards of sixty years. 
WinpinG FROM 6500FT.—One of the important 
goldfields in India is known as the Champion Reef, 
where a new winding engine has recen'ly been 
brought into commission. It is capable of hoisting 
in one lift from a vertical depth of some 6500ft., and 
is thought to be the largest and most powerful 
winder ever used in a gold mine. The depth of the 
mine in 1937, when the recent developments were 
initiated, was about 7800ft., and it was considered 
that the developments might be carried to a vertical 
depth of 10,000ft. or more. Each rope for the new 
winding engine weighs 22 tons. 
Wartm™meE Buitpinc BULLETIN No. 18.—* Fire 
Stops for Timber Roofs” is the tile of a new 
bulletin issued by the Building Research Station of 
the Department of Scien'ific and Industrial 
Research. It describes simple structural devices 
that can be erected to check the spread of fire along 
roofs containing timber or other combustible 
material. In tests carried out at the Building 
Research Station on two small roofs the devices 
proved to be effective in stopping a fire, and it is 
believed that they would provide a useful check on 
large roofs. Work on the development of these 
fire stops was carried out at the instance of and in 
collaboration with the Fire Prevention Executive 
and the Ministry of Aircraft Production. Copies of 
the Bulle in may be obtained from H.M. Stationery 
Office, price Is. net. 
STRUCTURAL PRECAUTIONS AGAINST FIRE Boss. 
—The Ministry of Home Security has issued 4 
leaflet entiled ‘ Structural Precautions Against 
Incendiary Bombs,” calling attention to the urgent 
need for buildings to be made more resistant to 
incendiary attacks. Among the main recommenda- 
tions contained in this leaflet are the clearance from 
top storeys or roof spaces of all combustible stoeks 
and the treatment of roof timbers with fire-resistant 
materials. In addition, the leaflet gives advice on 
how to make roofs as impenetrable as possible, and 
descriptions of the various fire-retardant materials 
and paints available and the methods of using them. 
The Ministry of Home Security urges occupiers of 
business premises, particularly warehouses, depart- 
mental stores, and mul'i-storey factories, to carry 
out at once the necessary work, and reminds them 
that compulsory powers under the Defence Regula- 
tions will be used if the need should arise. 


Personal and Business 


Mr. W. L. Barrows has been appointed a director 
of W. and T. Avery, Ltd. 

Mr. A. C. SHEPHERD has been appointed chairman 
of Mann, Egerton and Co., Ltd. 

Mr. C. STEPHENSON has been appointed general 
manager of the Hebburn yard of R. and W. Haw- 
thorn, Leslie and Co., Ltd. 

CRAVEN’S RaILway CARRIAGE AND WaGon Com- 
PANY, Ltd., announces that Mr. A. E. Cook, general 
manager, has been appointed a director of the 
company. 

Mr. WittiaM Nituspate, formerly director of 
Yarrow and Co., Ltd., Glasgow, has recently been 


Mr. H. B. Heatn Eves has been appointed 


Saturday, Nov. 8th.—Stupent Srcrion. 


Mr. O. R. H. Bury has been appointed chairman, 
of the London Power Company, in succession to the 
late Mr. G. Balfour. The Earl of Lytton has bee) 
appointed deputy chairman. 








Forthcoming Engagements 


Secretaries of Institutions, Sacieties, &c., desirous of 
having notices of meetings inserted in thie column, ars 
requested to note that in order to make sure of sts insertion 
the y information should reach this office on or 
before the morning of the Monday of the week preceding 
the meetings. In all cases the TIME and PLACE at which 
the meeting is to be held should be clearly stated. 


Bradford Engineering Society 
Monglay, Nov. 10th.—Technical College, Bradford, 
“Theory and Practice in Strength of Materials,” 
J.G. Jagger. 7.15 p.m. 
Iuminating Engineering Society 
Tuesday, Nov. 11th.—E.L.M.A. Lighting Service Bureau, 
2, Savoy Hill, W.C.2. ** Industrial Lighting in R: 
construction,” H. C. Weston. 2.30 p.m 
Institute of Fuel 
Thursday, Nov. 20th.—Queen’s Hotel, Leeds 
Pitch Fuel,” E. Brett Davies. 2.30 p.m. 
Institute of Transport 
Saturday, Nov. 8th.— METROPOLITAN GRADUATES. Insti- 
tution of Electrical Engineers, Savoy Place, Victoria 














Liqu 


Embankment, W.C.2. “Basic Principles of 
Schedules for Road Passenger Transport,” H. F. (. 
Adcock. 2.15 p.m. 


Wednesday, Nov. 12th.—Connaught 
Queen Street, W.C.2. Luncheon 
Lord Leathers. Ll for 1.15 p.m. 


Institution of Automobile Engineers 


Rooms, Great 
and address by 


Saturday, Nov. 8th.—LONDON GRaDUATES, Visit t 
I.A.E. Research Laboratories, Great West Road, 
Brentford. 2.30 p.m, 


Saturday, Nov, 22nd.—Engineers’ Club, Albert Square, 
Manchester. ‘‘The Prevention of Accidents fro: 


the Technical Aspect,” E. G. Beaumont. 3 p.i. 
Institution of Chemical Engineers 
Tuesday, Nov. 1\th.—Geological Society’s Rooms, 


Burlington House, Piceadilly, W.1. ‘“‘ Condensa- 
tion of Water Vapour from Air,” M. Hirsch 
2.30 p.m. 
Institution of Civil Engineers 

Saturday, Nov. 8th.—N.W. Assoc.: Engineers’ Club, 
Albert Square, Manchester. ‘“‘ Road Experiments 
on the Design of Thin Bituminous Surfacings,”’ R 
Slater. 2.30 p.m. 


Institution of Electrical Engineers 
To-day, Nov. 7th.—METER AND INSTRUMENT SECTION 
Savoy Place, Victoria Embankment, W.C.2. Chair- 


man’s Address, W. Phillips. 4 p.m. 
Monday, Nov. 10th.—N.E. Centre. Neville Hall, 
Westgate Road, Newcastle-upon-Tyne. ‘ Meta! 


Rectifiers,’ A. L. Williams and L. E, Thompson 
6.15 p.m. 
Tuesday, Nov. 11th.—ScorrisHh CENTRE. Heriot-Watt 
College, Edinburgh. ‘Electric Discharge Light 
Sources and the Utilisation of Fluorescence. 
M. W. Hime. 6 p.m. 
Wednesday, Nov. 12th.—TRANSMISSION SEOTION. Savoy 
Place, Victoria Embankment, W.C.2. Chairman's 
Address, 8. W. Melsom. 3 p.m. 
Thursday, Nov. 13th.—INSTALLATIONS SECTION. Savoy 
Place, Victoria Embankment, W.C.2. Discussion, 
“Solving Wartime Electrical Problems.” 4 p.m. 
Thursday, Nov. 20th.—Savoy Place, Victoria Embank 
ment, W.C.2. ‘* The Characteristics and Perforn 
ance in Service of High-voltage Porcelain Insulators, 
J.S. Forrest. 4 p.m. : 
Institution of Engineers and Shipbuilders in Scotland 
Tuesday, Nov. 18th.—39, Elmbank Crescent, Glasgow 
**Some Developments and Applications of Meche 
nical Refrigeration,” P. B. H. Brown. 6.30 p.m. 
Institution of Mechanical Engineers 
Friday, Nov, 21st.—Storey’s Gate, Westminster, 8.W. | 
Hawksley Lecture, *‘A Century of Tunnelling,” 
W. T. Halerow. 2.30 p.m. 


Junior Institution of Engineers 


Saturday, Nov. 8th.—39, Victoria Street, 8.W.1. “‘ Mille 
and Mill Gearing,” R. Wailes. 2.30 p.m. 

Saturday, Nov. 15th.—39, Victoria Street, S.W.|. 
Annual general meeting. 2.30 p.m. 


Manchester Association of Engineers 
Saturday, Nov. 15th.—Engineers’ Club, Albert’ Square, 
Manchester. ‘‘ Applications of Photography in 
Engineering,”’ D. A. Spencer. 2.30 p.m. 
Newcomen Society 
Wednesday, Nov. 12th.—Institution of Mechanica! 
Engineers, Storey’s Gate, 8.W.1. Annual genera! 
meeting. ‘‘The Beginnings of the Society,” A. 
Titley; Presidential Address, C. . Davies 
** Suffolk Windmills,” R. Wailes. 2.30 p.m. 


North-East Coast Institution of Engineers and 
Shipbuilders 


Bolbec Hall, 
Newcastle-upon-Tyne. ‘‘The Elements of Aero- 
dynamics and Some Points of Contact with Nava! 
Architecture,” F. H. Todd. 2.30 p.m. 

Friday, Nov. 14th.—Mining Institute, Newcastle-upon- 
ne. ‘Wind Tunnel Experiments on Model 








The Polin Research Laboratories in New York and 


Reaction Turbine Blades,” M. R. Youssef. 6 p.m 
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